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DOSE-RATE CONVERSION FACTORS FOR EXTERNAL 
EXPOSURE TO PHOTONS AND ELECTRONS 

D. C. Kocher 

ABSTRACT 

Dose-rate conversion f a c t o r s  f o r  external  exposure t o  photons and 

e lect rons have been ca l cu la ted  f o r  approximately 500 radionucl ides o f  

p o t e n t i a l  importance i n  environmental r a d i o l o g i c a l  assessments. The 

dose-rate fac to rs  were obtained using a rev ised version o f  the DOSFACTER 
computer code, which was developed prev ious ly  t o  ca l cu la te  external  dose- 

r a t e  fac to rs  f o r  radionucl ides o f  p o t e n t i a l  importance i n  the nuclear 

f u e l  cyc le  [D. C. Kocher, Oak Ridge Nat ional  Laboratory Report, NUREG/ 
CR-0494, ORNL/NUREG/TM-283 (1979) ; HeaZth Phys. 38, 543 (1980)]. The 

r e s u l t s  given i n  t h i s  r e p o r t  incorporate the  f o l l o w i n g  modi f icat ions and 

add i t i ons  t o  the  dose-rate fac to rs  pub1 ished previously:  (1) calcu la-  
t i o n  o f  e lec t ron  dose-rate f a c t o r s  f o r  rad iosens i t i ve  t issues o f  t he  

skin;  (2) improved estimates o f  organ dose-rate fac to rs  f o r  photons, 

based on organ doses f o r  monoenergetic sources a t  t he  body surface o f  

an exposed i n d i v i d u a l  ca l cu la ted  by O'Brien and Sanna [Health Phys. 30, 
76 (1976)l and the  spectra o f  scat tered photons i n , a i r  from monoener- 

g e t i c  sources i n  an i n f i n i t e ,  un i formly contaminated atmospheric c loud 

ca lcu lated by Di l lman [Health Phys. 27, 571 (1974)l; (3) c a l c u l a t i o n  o f  

dose-rate fac to rs  f o r  o ther  radionucl ides i n  a d d i t i o n  t o  those o f  

i n t e r e s t  i n  the nuclear f u e l  cycle;  and (4) incorporat ion o f  updated 

rad ioac t i ve  decay data f o r  a l l  radionucl ides.  Dose-rate fac to rs  are 

ca l cu la ted  f o r  t h ree  exposure modes - immersion i n  contaminated a i r ,  

immersion i n  contaminated water, and exposure a t  a he ight  o f  1 m above 

a contaminated ground surface. For each exposure mode, the source 

reg ion i s  assumed t o  be e f f e c t i v e l y  s e m i - i n f i n i t e  o r  i n f i n i t e  i n  extent  

w i t h  uni form radionucl ide concentrat ion. This r e p o r t  presents the 

equations used t o  c a l c u l a t e  the  external  dose-rate fac to rs  f o r  photons 

and electrons, documentation o f  the rev ised DOSFACTER computer code, and 

a complete t a b u l a t i o n  o f  t he  ca l cu la ted  dose-rate factors .  Uncertain- 

t i e s  and l i m i t a t i o n s  inherent  i n  the  a p p l i c a t i o n  o f  t he  i dea l i zed  

v i  i 
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external dose-rate factors to environmental radiological assessments 
are discussed. 



. . *. 
i ,  . .  l; I I .I , 1. .INTRODUCTION , ; ' .> , ._ ' *  I 

From the  p o i n t  o f  view o f  environmental r a d i o l o g i c a l  assessments, 

t he  cen t ra l  problem i n  external  dosimetry i s  t he  est imat ion o f  dose t o  

an i n d i v i d u a l  o r  a populat ion due t o  exposure t o  the  rad ia t i ons  emit ted 

by rad ionucl ides dispersed i n  the  environment. It i s  genera l ly  q u i t e  

d i f f i c u l t  t o  o b t a i n  r e a l  i s t i c  est imates o f  external  dose from a r b i t r a r y  

d i s t r i b u t i o n s  of rad ionucl ides i n  the  environment. Therefore, simp1 i- 
f i e d  and idea l i zed  exposure condi t ions are o f t e n  assumed; namely, t h a t  

t he  d i s t r i b u t i o n  o f  sources a t  any l o c a t i o n  i n  the  environment i s  

e f f e c t i v e l y  i n f i n i t e  o r  s e m i - i n f i n i t e  i n  ex ten t  and the  rad ionucl ide 

concentrat ions are uni form throughout the source region. I n  addi t ion,  

i t  i s  o f t e n  assumed t h a t  t he  only  s h i e l d i n g  between the rad ioac t i ve  

sources and the  body surface o f  t he  exposed i n d i v i d u a l s  i s  provided by 

t h e  medium through which the  r a d i a t i o n s  are t ransmi t ted  -(i. e. , a i r  o r  

water). 

du r ing  indoor residence, by c lo th ing ,  o r  by b u i l d i n g s  and i r r e g u l a r  

t e r r a i n  dur ing outdoor exposures. 

i n f i n i t e  i n  extent  w i t h  uni form radionucl ide concentrat ion, we are l e d  

t o  the  concept o f  t he  external  dose-rate conversion,factor, which w i l l  
usua l l y  be c a l l e d  the  dose-rate fac to r .  

rad ionucl ide concentrat ion x a t  t ime t, the  external  dose r a t e  0 f o r  

an exposed i n d i v i d u a l  may be w r i t t e n  i n  the  general form 

Thus, no accounting i s  made f o r  s h i e l d i n g  provided by bu i l d ings  

For source regions which are assumed t o  be i n f i n i t e  o r  semi- 

I f  a source reg ion has uni form 

where DRF denotes the  dose-rate f a c t o r  def ined by t h i s  equation as the  
external  dose-rate pe r  u n i t  rad ionucl ide concentrat ion. The dose-rate 

f a c t o r  thus embodies a l l  aspects o f  t he  c a l c u l a t i o n  o f  external  dose 

r a t e  except f o r  t he  rad ionucl ide concentrat ion, t he  determinat ion o f  

which i s  beyond t h e  scope o f  t h i s  work. Rather, our concern here i s  

t he  determinat ion o f  t he  dose-rate fac to r ,  which i s  uniquely s p e c i f i e d  

f o r  a given rad ionucl ide by the  p a r t i c u l a r  r a d i a t i o n  type, mode o f  
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exposure, and body organ o f  t he  exposed i n d i v i d u a l  f o r  which the exter-  

na l  dose r a t e  i s  desired. Dose-rate f a c t o r s  are c l e a r l y  useful  i n  

r a d i o l o g i c a l  assessments, because m u l t i p l i c a t i o n  o f  a dose-rate f a c t o r  

by a rad ionucl ide concentrat ion i n  the  environment gives an external  

dose r a t e  t o  an exposed i n d i v i d u a l .  Radionuclide concentrat ions may 

be determined, f o r  example, f r o m  environmental moni tor ing o r  f rom 

models f o r  environmental t ranspor t .  

This r e p o r t  i s  concerned w i t h  the c a l c u l a t i o n  o f  dose-rate fac to rs  

f o r  external  exposure t o  photons and e lect rons emit ted by radionucl ides 

dispersed i n  the  environment. 

immersion i n  contaminated a i r ,  immersion i n  contaminated water, and 

i r r a d i a t i o n  a t  a he ight  o f  1 m above a smooth ground surface. Again, 

t he  source reg ion f o r  each exposure mode i s  assumed t o  be e f f e c t i v e l y  

i n f i n i t e  o r  s e m i - i n f i n i t e  i n  extent  w i t h  a uni form radionucl ide concen- 

t r a t i o n  throughout the source region. 

f o r  240 radionucl ides o f  p o t e n t i a l  importance i n  r o u t i n e  releases from 

nuclear f u e l  cyc le  f a c i l i t i e s ,  us ing the DOSFACTER computer code. For 

each rad ionucl ide and each o f  the three exposure modes, dose-rate 

f a c t o r s  f o r  both photons and e lect rons were ca l cu la ted  f o r  t issue-  

equiva lent  ma te r ia l  a t  t he  body surface o f  an exposed i n d i v i d u a l .  

Dose-rate fac to rs  f o r  photons on ly  were ca l cu la ted  f o r  22 body organs, 
based on organ doses from monoenergetic sources dispersed uni formly i n  

a s e m i - i n f i n i t e  atmospheric c loud obtained using Monte Carlo techniques 

by Poston and Snyder.3 

This r e p o r t  presents a rev ised t a b u l a t i o n  o f  external  dose-rate 

f a c t o r s  based on a modif ied version o f  t he  DOSFACTER computer code and 
an updated compi la t ion o f  rad ioac t i ve  decay data.4 These r e s u l t s  are 

intended t o  supersede those pub1 ished prev ious ly .  1,2 The major mod i f i -  

cat ions o f  t he  DOSFACTER code inc lude c a l c u l a t i o n  o f  e lec t ron  dose-rate 

f a c t o r s  f o r  rad iosens i t i ve  t issues o f  t he  s k i n  and inco rpo ra t i on  o f  

improved estimates o f  organ dose-rate f a c t o r s  f o r  photons. External 

dose-rate f a c t o r s  have been ca l cu la ted  f o r  approximately 500 radio- 

nucl ides o f  p o t e n t i a l  importance i n  environmental r a d i o l o g i c a l  assess- 

ments. The radionucl ides chosen inc lude those o f  p o t e n t i a l  importance 

The three exposure modes considered are 

I n  previous repo r t s , l>  external  dose-rate fac to rs  were ca lcu lated 

I. 

I 
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in the nuclear fuel cycle considered previously,lJ2 those occurring 
naturally in the environment, those of current interest in nuclear 
medicine and fusion reactor technology, and a selection of those of 
interest to Committee 2 of the International Commission o n  Radiologi- 
cal Protection (ICRP) for the estimation of annual limits of intake 
and derived air concentrations for occupationally exposed individuals. 
This report also provides a summary of the equations used to calculate 
the photon and electron dose-rate factors for each of the .three expo- 
sure modes considered and complete documentation for the revised 
DOSFACTER computer code. Differences between the methods used in the 
present calculations and those used in the previous reports1J2 are 
emphasized. This report also discusses uncertainties and limitations 
inherent in the application of the external dose-rate factors based on 
idealized exposure conditions to realistic environmental radiological 
assessments. 

2. DOSE-RATE FACTOR EQUATIONS 

In this section, the equations used to calculate dose-rate 
factors for external exposure to photons and electrons are presented. 
The dose-rate factors are calculated in units of Sv/yr per Bq/cm3 for 
immersion in contaminated air or water and in units of Sv/yr per 
Bq/cm2 for exposure to a contaminated ground surface. A quality 
factor of 1 is assumed for both photons and electrons to convert 
absorbed dose in Gy to dose-equivalent in Sv. 

2.1 Dose Rate from Arbitrary Distributions 'of Radionuclides 

dose 
tions 
getic 
and e 

We first consider the general equations for calculating external 
bates from photons and electrons emitted by arbitrary di stri bu- 
of radionuclides in the environment. 
sources are presented and then generalized to the case of photon 
ectron spectra from radioactive decay. 

The equations for monoener- 
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2.1.1 Dose r a t e  f r o m  monoenergetic sources o f  photons o r  e lect rons 

The ca l  c u l  a t i  on o f  external  dose ra tes  from rad ioac t i ve  sources 

o f  photons and e lect rons dispersed i n  the  environment i s  based on t he  

concept o f  t he  p o i n t - i s o t r o p i c  s p e c i f i c  absorbed f r a c t i o n .  5 9 6  This 

quant i ty ,  denoted by 0, depends on the r a d i a t i o n  type and the  medium 

i n  which the emi t ted energy i s  being t ransmi t ted  and absorbed, and i s  

def ined as fo l lows: 

@(r,E) = f r a c t i o n  o f  t he  emit ted energy E absorbed per  
gram o f  ma te r ia l  a t  a distance r f r o m  an 
i s o t r o p i c  p o i n t  source. (2) 

.From the d e f i n i t i o n  i n  Eq. (Z), the absorbed dose r a t e  a t  a 

distance r from a monoenergetic p o i n t  source o f  energy E having a c t i v -  

i t y  A a t  t ime t i s  given by6 

b(r,E,t) = k x A ( t )  x E x 0( r ,E)  , 

where 

(3)  

d = absorbed dose r a t e  i n  Gy/s, 

k = 1.6 x g-Gy/MeV, 

A = source. a c t i v i t y  i n  Bq, 

E = energy o f  emit ted r a d i a t i o n  i n  MeV pe r  decay, 

I , _ . . .  

= s p e c i f i c  absorbed f r a c t i o n  i n  9- l .  
I .  

The value o f  t he  constant k i s  determined by the  d e f i n i t i o n  o f  t h e  

gray as one j o u l e  o f  absorbed energy per  ki logram and the  conversion 

f a c t o r  from MeV t o  joules.  The product o f  k, A, and E gives the  t o t a l  

energy emit ted per  u n i t  t ime i n  u n i t s  o f  g-Gy/s, and m u l t i p l i c a t i o n  by 

@ g  

med 

ves the  energy absorbed per  u n i t  mass a t  d istance r. 
For the case o f  a p o i n t  source imbedded i n  an i n f i n i t e  absorbing 

um o f  uni form densi ty,  a l l  o f  t he  emi t ted energy must be absorbed 

1 

1 

! 

1 
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I 

I' 
I( 

'I 

somewhere w i t h i n  the  medium. 
obeys the  impor tant  normal izat ion cond i t i on  

Therefore, the  s p e c i f i c  absorbed f r a c t i o n  

, 

03 

4nJ @ ( r , E ) r 2  d r  = 
0 

where p i s  t he  dens i ty  o f  

. .  
(4) ,. 

1/P 9 

. .  
the  medium. This  'equat ion 'ho lds  f o r  any 

energy E and any func t iona l  form f o r  the  s p e c i f i c  absorbed f rac t i on ,  

and i s  s t r i c t l y  a consequence o f  conservation o f  energy. 

Evaluat ion of the  point-source dose r a t e  i n  Eq-. (3)  c l e a r l y  

requ i res  knowledge o f  t he  s p e c i f i c  absorbed f r a c t i o n .  As we s h a l l  

discuss i n  Sect. 2 . 2 . 3  and 2 . 3 . 4 ,  the  s p e c i f i c  absorbed f r a c t i o n  f o r  

photons can be approximated by an a n a l y t i c a l  equation';' f o r  e lect rons,  

however, no such equation has been developed and the  s p e c i f i c  absorbed 

f r a c t i o n  i s  evaluated by i n t e r p o l a t i o n  o f  tabu la ted  values obtained 

us ing Monte Carlo techniques. 7 9 8  

Based on Eq. (3 )  f o r  a p o i n t  source, the  general equation f o r  the  

dose r a t e  from an a r b i t r a r y  d i s t r i b u t i o n  o f  monoenergetic sources i s  

where ? i s  the  vec tor  from the  receptor  pos i t i on ,  assumed t o  be located 

a t  t he  o r i g i n  o f  t he  coord inate system, t o  the  volume. o r  surface 

element da i n  the  source reg ion  and x(;,t) i s  the  source concentrat ion 
a t  the  l o c a t i o n  de f ined by ? a t  t ime t i n  u n i t s  o f  Bq per  u n i t  volume 

o r  area. The i n t e g r a t i o n  extends over the  source reg ion  u.* 
. . .  

2 . 1 . 2  Dose r a t e  from spectra of photons and e lec t rons  from 
rad ioac t i ve  decay 

Most . rad ionuc l ides  emi t  a spectrum o f  photons and e lect rons,  

ra the r  than rad ia t i ons  o f  a s i n g l e  energy. Therefore, t he  dose r a t e  

, * I n  equations i n v o l v i n g  an inJegrat ion over a general Source 
reg ion  u, the  q u a n t i t y  r denotes Ir i, the  length  o f  vec tor  r: 
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f o r  a r b i t r a r y  source d i s t r i b u t i o n s  i n  Eq. (5) must be general ized t o  

account f o r  the spectra c h a r a c t e r i s t i c  o f  a p a r t i c u l a r  radionucl ide.  

For photons , we assume t h a t  the spectrum consis ts  e n t i r e l y  o f  

d i s c r e t e  y rays and X rays.* I f  we de f i ne  

= i n t e n s i t y  of i t h  - photon (y) i n  number per decay, i y  

Eiy = energy o f  i t h  - photon i n  MeV, 

then the  general equation f o r  the photon dose r a t e  a t  t i m e  t i s  

= k f .  E J X(?,t)Qy(r,EiY) do , i 1Y i Y  

where the  dose r a t e  f rom each emi t ted photon, b (E 

Eq. (5) and the summation includes a l l  d i s c r e t e  photons i n  the spectrum 
o f  t he  p a r t i c u l a r  radionucl ide.  

Auger and i n t e r n a l  conversion e lect rons f r o m  atomic de -exc i ta t i on  

processes and continuous e lect rons f rom beta decay. The energy d i s t r i -  
b u t i o n  f o r  a given beta t r a n s i t i o n  ranges f r o m  zero energy t o  a maximum 

value c a l l e d  the end-point energy. Thus, we def ine 

,t), i s  given by 
Y i Y  

For electrons, t he  spectrum may cons is t  i n  gene.ra1 o f  d i sc re te  

*Contr ibut ions from the continuous spectrum o f  bremsstrahlung, 
which i s  produced when e lect rons emi t ted i n  rad ioac t i ve  decay are 
slowed down by passage through matter, are no t  considered i n  t h i s  work. 
The spectrum o f  external  bremsstrahlung i s  no t  c h a r a c t e r i s t i c  o f  the 
p a r t i c u l a r  rad ionucl ide because i t  r e s u l t s  f r o m  the i n t e r a c t i o n  o f  the 
emi t ted e lect rons w i t h  the  atoms o f  the ma te r ia l  surrounding the 
r a d i a t i n g  atom and, thus, depends on the  atomic composition o f  the 
surrounding medium. External bremsstrahlung can be o f  importance i n  
r a d i a t i o n  dosimetry, p a r t i c u l a r l y  f o r  radionucl ides which are pure beta 
emi t ters ,  and methods f o r  c a l c u l a t i n g  the  spectrum i n  ma te r ia l s  such 
as a i r ,  muscle, f a t ,  and bone have been implemented by Dil lman.g 
I n t e r n a l  bremsstrahlung, on the  other  hand, occurs as an e lec t ron  i s  
being e jec ted  f r o m  the  decaying nucleus i t s e l f  and, thus, i s  charac- 
t e r i s t i c  o f  a p a r t i c u l a r  radionucl ide.  
i s  a l so  discussed by D i l lmanY9  can usua l l y  be neglected i n  r a d i a t i o n  
dosimetry because o f  i t s  low i n t e n s i t y  and l o w  average energy. 

I n t e r n a l  bremsstrahlung, which 
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= i n t e n s i t y  o f  i t h  - disc re te  e lec t ron  (e). i n  number 
fie per  decay, 

= energy o f  i t h  - disc re te  e lec t ron  i n  MeV, 

= i n t e n s i t y  o f  j t h  continuous beta t r a n s i t i o n  (B)' i n  

= end-point energy i n  MeV f o r  jtJ continuous beta '  

Ei e 

f 
je number per decay, 

E j s  t r a n s i t i o n ,  and 

N (E) = p r o b a b i l i t y  per u n i t  energy f o r  emission o f  e lec t ron  
o f  energy E f o r  j t h  - continuous beta t r a n s i t i o n .  1 .  

j P  

The energy d i s t r i b u t i o n  N.  (E) f o r  continuous e lec t rons  from beta 

decay obeys the normal izat ion cond i t i on  
J B  

PX Njp(E) dE = 1 (7) 

( i .e . ,  the p r o b a b i l i t y  per  decay t h a t  an e lec t ron  i s  emi t ted w i t h  energy 

between zero and the  endpoint energy must be un i ty ) .  With these d e f i n i -  

t i ons ,  the general equation f o r  the  dose r a t e  from e lect rons (E) a t  

t ime t can be w r i t t e n  i n  terms o f  the  separate cont r ibu t ions  from the  

d i sc re te  and continuous rad ia t i ons  as 
, .  

Emax . . 

fic(t> = fiebe(Eie,t) + F fjp J 0 Jp NjB(.E)be(E,t) dE 
i 
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Equations (6) and (8) are the  fundamental equations descr ib ing  

the  ex terna l  dose r a t e  from a r b i t r a r y  s p a t i a l  d i s t r i b u t i o n s  o f  radio- 

nuc l ides  e m i t t i n g  c h a r a c t e r i s t i c  photon and e lec t ron  spectra. I n  

Sect. 2.2 and 2.3, these equations are app l ied  t o  the  special  case o f  

uni form d i s t r i b u t i o n s  o f  sources o f  semi-infini4.e o r  i n f i n i t e  ex ten t  

i n  order t o  ob ta in  the  dose-rate fac to rs  f o r  the  th ree  exposure modes 

o f  i n t e r e s t  i n  accordance w i t h  the  d e f i n i t i o n  i n  Eq. (1). 

2.2 Dose-Rate Factors f o r  Photons 

Th is  sec t ion  develops the  equations used t o  ca l cu la te  photon dose- 

r a t e  f a c t o r s  f o r  a given rad ionuc l ide  f o r  t he  d i f f e r e n t  body organs o f  

i n t e r e s t  f o r  each o f  t he  th ree  exposure modes considered. For a given 

exposure mode, we f i r s t  c a l c u l a t e  the  dose-rate f a c t o r  i n  the  medium 

( a i r  o r  water) .surrounding the  exposed i n d i v i d u a l .  We then ob ta in  the  

dose-rate f a c t o r  f o r  t i ssue-equ iva len t  mater ia l  a t  t he  body surface. 

While the  body surface does no t  correspond t o  a rad iosens i t i ve  t i ssue  

o f  i n t e r e s t ,  these dose-rate fac to rs  are needed i n  order t o  estimate 

photon organ dose-rate fac to rs  f o r  the  exposure modes o ther  than immer- 

s ion  i n  contaminated a i r .  F i n a l l y ,  the  des i red  dose-rate f a c t o r s  f o r  

t h e  d i f f e r e n t  body organs are obtained. 

exposure mode are developed f o r  monoenergetic sources, based on 

Eqs. (1) and (5). I n  Sect. 2.2.4, the  dose-rate f a c t o r  equations are 
then general ized t o  the  spectrum o f  photons from rad ioac t i ve  decay, as 

i n  Eq. (6). 

I n  Sects. 2.2.1-2.2.3, the  dose-rate f a c t o r  equations f o r  each 

2.2.1 Dose-rate fac to rs  from monoenergetic sources f o r  immersion . 

i n  contaminated a i r  

Dose-rate f a c t o r  i n  a i r .  For exposure v i a  immersion i n  contami- 

nated a i r ,  we assume t h a t  the  exposed i n d i v i d u a l  i s  standing a t  the  

boundary o f  a s e m i - i n f i n i t e  atmospheric c loud w i t h  uni form source con- 

cent ra t ion .  I n t e g r a t i o n  o f  Eq. (5) over the  source reg ion  using 

Eq. (4) f o r  t he  normal izat ion cond i t i on  f o r  t he  s p e c i f i c  absorbed 
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f r a c t i o n  gives the  dose-rate f a c t o r  i n  a i r  (a) a t  t he  boundary o f  t he  
atmospheric c loud f o r  emit ted energy E as Y 

DRFa(E ) = I k E  /p . Y Y  2 Y a  (9) 

It i s  known t h a t  the f a c t o r  o f  1/2 i n  Eq. (9), which r e s u l t s  from 

the  assumed hemispherical geometry o f  t he  source region, i s  not  s t r i c t l y  

co r rec t ,  because the  presence o f  the air-ground i n t e r f a c e  per turbs the 

r a d i a t i o n  f i e l d  i n  a i r  near the ground surface compared w i t h  the f i e l d  

i n  an i n f i n i t e  atmospheric cloud. D i l  lmanl0 has concluded, however, 

t h a t  t he  dose-rate a t  t he  air-ground i n t e r f a c e  i s  i n  f a c t  one-half o f  

t he  dose r a t e  i n  an i n f i n i t e  atmospheric c loud w i t h i n  the accuracy o f  

a v a i l a b l e  ca lcu lat ions.  Furthermore, although the  head- o f  an exposed 

i n d i v i d u a l  standing on the ground i s  immersed i n  a more intense 

r a d i a t i o n  f i e l d  than the  feet', t he  r a d i a t i o n  f . i e l d  i n c i d e n t  upon any 

p a r t  o f  the body i s  nea r l y  equal t o  the f i e l d  a t  t he  air-ground' i n t e r -  

face,. provided the photon mean-free-path i n  a i r ,  def ined as the rec ip -  

roca l  o f  the l i n e a r  a t tenua t ion  c o e f f i c i e n t ,  i s  l a rge  compared w i t h  

the  height  o f  t he  exposed i n d i v i d u a l .  Fortunately,  t he  height o f  an 

i n d i v i d u a l  standing on the  ground corresponds t o  th'e mean-free-path i n  

a i r  f o r  a photon energy o f  on ly  about 10 keV, and the  mean-free-path 

increases r a p i d l y  w i t h  energy i n  t h i s  energy region. l l  Therefore, f o r  

a l l  b u t  the lowest photon energies, i t  i s  a good approximation t o  
assume t h a t  t he  r a d i a t i o n  f i e l d  i n c i d e n t  upon any p a r t  o f  an exposed 

i n d i v i d u a l  i s  one-half o f  the f i e l d  i n  an i n f i n i t e  atmospheric cloud. 

For energies less than about 10 keV, however, we caut ion t h a t  t he  dose- 

r a t e  i n  a i r  a t  t he  he igh t  o f  an average i n d i v i d u a l  may be' as much as a 

f a c t o r  o f  2 greater  than the  value given by Eq. (9) depending upon 

the  energy, so t h a t  t he  r e s u l t i n g  dose-rate fac to rs  f o r  body organs 

near the  head may a l so  be underestimated f o r  very low photon energies. 

t he  dose-rate f a c t o r  i n  a i r  near the  air-ground i n t e r f a c e  can be 

w r i t t e n  simply as 

We note here t h a t  f o r  a spectrum o f  photons from rad ioac t i ve  decay, 
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DRF; = ikEY/pa , 

where 

i s  the  average photon energy per  decay. Equation (10) emphasizes t h a t  

t he  dose-rate f a c t o r  i n  a i r  i s  determined d i r e c t l y  from the  p r i n c i p l e  

o f  conservation o f  energy ( i .e . ,  i n  an i n f i n i t e ,  un i fo rmly  contaminated 

source medium, the  energy absorbed per  u n i t  volume must be equal t o  

the  energy emi t ted per  u n i t  volume everywhere throughout the  medium). 

The form o f  Eq. (10) i s  no t  p a r t i c u l a r l y  use fu l  f o r  ex te rna l  dosimetry, 

however, because the  des i red organ dose-rate fac to rs  depend on the  

photon spectrum, n o t  the  average energy. S i m i l a r  cons iderat ions a l so  

ho ld  f o r  the spectra o f  e lec t rons  from rad ioac t i ve  decay. 

The dose-rate f a c t o r  f o r  

t i ssue-equ iva len t  mater ia l  a t  the  body surface o f  an exposed i n d i v i d u a l  

i s  obtained from the  dose-rate f a c t o r  i n  a i r  by accounting f o r  two 

e f f e c t s .  The f i r s t  i s  the  energy absorpt ion i n  t i s s u e  r e l a t i v e  t o  

energy absorpt ion i n  a i r  f o r  t he  spectrum o f  photon energies i nc iden t  

upon the  .body surface. The second i s  the  sh ie ld ing  o f  any p o i n t  on 
the  body surface provided by the  body t issues.  

Dose-rate f a c t o r  a t  the  body surface. 

For the  f i r s t  e f fec t ,  energy absorpt ion i n  t i s s u e  r e l a t i v e  t o  a i r  

f o r  photons i s  determined by the  r a t i o  o f  mass energy-absorption co- 
e f f  c ien ts ,  denoted by pe,/~, i n  the  two media. Thus, t he  t i ssue- to -  

a i r  energy-absorption r a t i o  f o r  immersion i n  contaminated a i r ,  denoted 

can be expressed as a 
by Y’ 

where the  subscr ip t  t denotes t i s s u e  and the  r a t i o  i s  t o  be evaluated 

a t  t he  energy i n c i d e n t  upon the  body surface. 
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I n  re fs .  1 and 2, the body-surface dose-rate f a c t o r  was ca lcu la ted  
by m u l t i p l y i n g  the  dose-rate f a c t o r  i n  a i r  g iven by Eq. (9) by the 

t i ssue - to -a i r  energy-absorption r a t i o  def ined i n  Eq. (12) evaluated a t  
the emit ted energy E This i s  no t  a r igorous ca l cu la t i on ,  however, 

because it does no t  take i n t o  account t h a t  the emission o f  monoener- 

g e t i  c photons i n a semi - i nf i n i  t e  , uni formly contami nated atmospheri c 

c loud r e s u l t s  i n  a continuous energy d i s t r i b u t i o n  o f  photons between 

zero energy and the emi t ted energy a t  every p o i n t  i n  the  source region, 

and i t  i s  t h i s  continuous spectrum which i s  i nc iden t  upon the body 

surface. For example, the photon spectrum i n  a i r  f o r  an emit ted energy 

o f  0.5 MeV, normalized t o  a source concentrat ion o f  1 pCi/g i n  an i n -  

f i n i t e  atmospheric cloud, i s  shown i n  Fig. 1. Photon spectra f o r  o ther  

emi t ted energies between 0.01 and 4 MeV are given i n  Figs. 1-4 o f  

r e f .  10." Thus, i n  a proper c a l c u l a t i o n  o f  the t i ssue - to -a i r  energy 

absorpt ion r a t i o ,  the  r a t i o  i n  Eq. (12) must be averaged over the  con- 

t inuous energy spectrum o f  photons i n  a i r  r e s u l t i n g  from sca t te r i ng  o f  

the photons o f  the  g iven emi t ted energy. Therefore, i f  we def ine 

Y' 

i a ( E  ) = r a t i o  o f  mass energy-absorption c o e f f i c i e n t s  
i n  t i ssue  and a i r  averaged over the spectrum' 
o f  photons i n  an i n f i n i t e ,  un i formly con- 
taminated atmospheric c loud f o r  emi t ted 
energy E Y Y  

the dose-rate f a c t o r  a t  the body surface (s) accounting f o r  energy 
absorpt ion i n  t i ssue  r e l a t i v e  t o  a i r  i s  g iven by 

1 - -a DRFS(E ) = -kE R (E )/pa . Y Y  2 Y Y Y  

' The r a t i o  Ea as a func t i on  o f  emi t ted photon energy 

cu lated by D i l l m a n y l o  and the r e s u l t s  obtained from Fig. 
Y 

has been ca l -  

6 o f  r e f .  10 

*The area under the  curves ( i .e . ,  the number o f  photons per u n i t  
area per  u n i t  t ime) i s  p ropor t iona l  t o  the assumed source concentrat ion 
i n  a i r ,  bu t  the shape o f  the spectrum f o r  a g iven emi t ted energy i s  
independent o f  the  concentrat ion. 
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Fig.  1. Spectrum o f  photons i n  a i r  r e s u l t i n g  from emission o f  
monoenergetic photons o f  energy 0.5 MeV i n  an i n f i n i t e ,  uniformly 
contaminated atmospheric cloud w i t h  source i n t e n s i t y  o f  1 pCi/g. 
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are  ,compared w i t h  the r a t i o  in Eq. (12) evaluated a t  the emitted energy, 
used previously i n  refs .  1 and 2 ,  i n  Fig. 2. The formulation used here 
is  seen t o  give body-surface dose-rate factors  which are  about 10% less 
a t  10 keV emitted energy, with the difference decreasing t o  l ess  than 
3% fo r  energies above 0.2 MeV. Such differences are  probably n o t  
s ign i f icant  for most applications i n  environmental dosimetry, b u t  the 
energy-averaged method used in t h i s  report i s  preferred on theoretical  
grounds. 

dose-rate factor a t  the body surface, we make the customary and conser- 
vative assumption t h a t  the body t issues  provide no shielding for  
photons, so  t h a t  the body surface i s  i r radiated equally from a l l  
direct ions whether or  n o t  the incident photons m u s t  t raverse body t is-  
sues. This i s  obviously a poor assumption for  energies i n  the X-ray 
region. If we assume tha t  body t issues  effect ively shield any point 
on the surface from half of the source region, then, i n  ac tua l i ty ,  
body shielding reduces the dose ra te  a t  the body surface by a factor  
between 1/2 and 1, depending upon the photon energy. 
e r ror  in  Eq. (14) from assuming no shielding by body t i ssues  will be 
of no consequence i n  calculating dose-rate factors  for  body organs, 
because the organ dose-rate factors  described below properly account 
fo r  body shielding e f fec ts .  

i n t e r e s t ,  the dose-rate factor  i n  Eq. (14) i s  used i n  Sects. 2 .2 .2  and 
2.2.3 t o  estimate organ dose-rate factors  f o r  water immersion and 
ground-surface exposure. 

Dose-rate factors  for  body organs. For immersion in contaminated 
a i r ,  the dose-rate factors  f o r  the d i f fe ren t  body organs as a function 
of emitted photon energy are  obtained d i rec t ly  from available calcula- 
t ions ,  which are  based on Monte Carlo simulations of photon transport  
through the t issues  of the so-called Reference Man.12 In t h i s  work, 
we express the available resu l t s  not i n  terms of the dose-rate factor 
i t s e l f  ( i . e . ,  the organ dose ra tes  per u n i t  concentration of monoener- 
ge t ic  sources uniformly dis t r ibuted i n  a semi-infinite atmospheric 

With regard t o  the e f f ec t  of shielding by body t issues  on the 

We note tha t  the 

Although the body surface i s  n o t  a radiosensit ive t i s sue  of 
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cloud) but,  ra ther ,  as the r a t i o  o f  organ dose r a t e  t o  the  dose r a t e  

i n  a i r .  Thus, we de f ine  the  quan t i t y  Gk(E ) as Y 

k G (E ) = r a t i o  o f  dose r a t e  i n  body organ k t o  dose 
r a t e  i n  a i r  f o r  emi t ted energy E . (15) Y 

With t h i s  d e f i n i t i o n  and the  dose-rate f a c t o r  i n  a i r  g iven by Eq. (9), 
t he  dose-rate f a c t o r  f o r  organ k i s  given by 

DRFk(E ) = I k E  G k (Ey)/pa . 
Y Y  2 Y  

k The d e f i n i t i o n  o f  the  r a t i o  G (E >1 g iven i n  Eq. (15) d i f f e r s  Y 
, s l i g h t l y  f r o m  the  d e f i n i t i o n  used prev ious ly  i n  r e f s .  1 and 2. I n  the  

e a r l i e r  work, t h i s  quan t i t y  was def ined as the r a t i o  o f  organ dose r a t e  

t o  dose r a t e  a t  the body surface. 

by the  t i s s u e - t o - a i r  energy-absorption r a t i o  def ined i n  Eq. (13). The 

r a t i o  G i s  redef ined here f o r  no other  reason than t o  conform t o  the 

format i n  which the organ dose-rate fac to rs  used i n  t h i s  work are pre- 

sented. l3 

Thus, the two d e f i n i t i o n s  are r e l a t e d  

k 

The r a t i o n a l e  f o r  expressing the  organ dose-rate fac to rs  i n  

Eq. (16) i n  terms o f  the quan t i t y  G def ined in.Eq. (15) when the  

des i red dose-rate fac to rs  are d i r e c t l y  ava i l ab le  from the l i t e r a t u r e  

i s  t h a t  the  r e s u l t s  f o r  immersion i n  contaminated a i r  do no t  apply t o  
exposure v i a  immersion i n  contaminated water o r  i r r a d i a t i o n  from a con- 
taminated ground surface, and organ dose-rate fac to rs  are no t  ava i l ab le  

i n  the  l i t e r a t u r e  f o r  the l a t t e r  two exposure modes. I n  t h i s  work, 

organ dose-rate fac to rs  f o r  exposure modes other  than a i r  immersion 

are based on the assumption t h a t  the r a t i o  o f  organ dose r a t e  t o  dose 

k 

r a t e  a t  the body surface i s  independent o f  the mode o f  exposure. 

the  d e f i n i t i o n  i n  Eq. (15) combined w i t h  t h a t  i n  Eq. (13) i s  necessary 

f o r  ob ta in ing  organ dose-rate fac to rs  f o r  the other  exposure modes. 

The organ dose-rate fac to rs  f o r  immersion i n  contaminated a i r  

adopted i n  re f s .  1 and 2 were those ca lcu la ted  by Poston and Snyder.3 

The ca lcu la t ions  i n . r e f .  3 have the disadvantage, however, t h a t  r e s u l t s  

Thus, 
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were obtained only fo r  emitted photon energies of 4 MeV and below, and 
the s t a t i s t i c a l  accuracy of the resu l t s  tends t o  be re la t ive ly  poor, 
par t icular ly  for  small, deep lying organs. Therefore, in t h i s  report ,  
a different  s e t  of photon organ dose-rate factors has been used. 

in t h i s  report were obtained by Kerr and Eckerman.13 These resul ts  
a re  based on the Monte Carlo simulations of O'Brien and Sanna,14s15 
giving organ doses per pho ton  per u n i t  area from monoenergetic sources 
isotropical ly  i r radiat ing the body surface, combined with the energy 
spectra of scattered photons in a i r  result ing from monoenergetic sources 
i n  an in f in i t e ,  uniformly contaminated atmospheric cloud calculated by 
Dillman. lo That i s ,  the dose-rate factors  for  monoenergetic sources 
i n  a i r  were obtained by Kerr and Eckerman13 by integrating t h e  doses 

per f i e l d  fluence photon a t  the body surface over the energy spectrum 
of scattered photons i n  a i r .  

Dose-rate factors  for  selected body organs calculated by Kerr and 
Eckerman13 for  immersion in contaminated a i r  are  compared w i t h  the 
resu l t s  of Poston and Snyder3 i n  Figs. 3-5. 
have been normalized t o  the dose-rate factor  in a i r  for  each emitted 
energy [ i . e . ,  the quantity shown i s  the r a t i o  G ( E  ) defined i n  
Eq. ( E ) ] .  One obvious advantage of the newer calculations i s  tha t . they  
extend t o  lO,.MeV emitted energy. 

The organ dose-rate factors for  immersion in contaminated a i r  used 

T h e  organ dose-rate factors  

k 
Y 

The results for total body in Fig.  3 illustrate that the organ 

dose-rate factors  of Kerr and Eckerman are  generally less  than those 
of Poston and.Snyder for  the same emitted energy. For to ta l  body, the 
difference ranges from 16 t o  45% above 15 keV. Even fo r  skin,  which 
i s  the  radio-sensitive organ lying closest  t o  the body surface,  the dose- 
r a t e  factors of Kerr and Eckerman are consistently less  than the values 
of Poston and Snyder, the largest  difference being 35% a t  15 keV with 
smaller differences a t  higher energies. The source of the systematic 
discrepancy between the two se t s  of calculations i s  not known. 
mathematical representation of the i r radiated individual i s  presumably 
n o t  the cause, however, because f o r  most body organs the same model 
for  Reference Man12 i s  used in b o t h  s e t s  of calculations.  

The 
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The dose-rate f a c t o r s  f o r  the ovar ies i n  Fig. 4 i l l u s t r a t e  t h a t  

f o r  small ,  deep l y i n g  organs, the r e s u l t s  o f  Poston and Snyder show an 

unreasonable s c a t t e r  w i t h  energy, due p r i m a r i l y  t o  the  poor s t a t i s t i c a l  

accuracy o f  t he  ca lcu lat ions.  The observed s c a t t e r  no t  on ly  casts 

doubt on the v a l i d i t y , o f  t he  r e s u l t s  b u t  a l so  makes r e l i a b l e  i n te rpo la -  

t i o n s  q u i t e  d i f f i c u l t .  .The improved s t a t i s t i c a l  accuracy o f  t he  Kerr  

and Eckerman ca l cu la t i ons ,  on the  other  hand, r e s u l t s  i n  a much smoother 

energy dependence f o r  the dose-rate fac to rs .  

. The comparison o f  dose-rate fac to rs  f o r  red  bone marrow i n  Fig. 5 
i s  o f  p a r t i c u l a r  i n t e r e s t  because t h i s  organ i s  one o f  the most radio- 

s e n s i t i v e  i n  the body. The dose-rate f a c t o r s  o f  Kerr  and Eckerman are 

again cons is ten t l y  l ess  than those o f  Poston and Snyder, b u t  t he  d i f -  

ference i s  much more'pronounced below 0.5 MeV than f o r  o ther  organs 

and exceeds a f a c t o r ' - o f  10 f o r  some energies below 50 keV. For t h i s  

organ, however, a s i g n i f i c a n t  p a r t  o f  t he  d i f f e rence  i n  the  two calcu- 

l a t i o n s  r e s u l t s  from the d i f f e r e n t  approximations used t o  describe the  

d i s t r i b u t i o n  o f  red  marrow i n  Reference Man. The ca l cu la t i ons  o f  Poston 

and Snyder assume t h a t  t he  skeleton i s  a homogeneous mixture o f  bone 

and bone marrow. ' This approximation does not  p roper l y  take i n t o  account 

the  s h i e l d i n g  o f  bone marrow provided by bone. K e r r  and Eckerman, on 

the  other  hand, assume t h a t  the bone marrow i s  located i n  the  trabecu- 
. l a r  bone c a v i t i e s  o f  the skeleton and apply an energy-dependent correc- 

t i o n  f a c t o r  t o  the  bone marrow dose-rate f a c t o r  which accounts f o r  

s h i e l d i n g  o f  t he  marrow by bone. This c o r r e c t i o n  f a c t o r ,  which i s  

described by Kerr,'16 r e s u l t s  i n  a s i g n i f i c a n t  reduct ion i n  bone marrow 

dose f o r  energies below 0.2 MeV. 

Eq. (16) assume a densi ty  f o r  a i r  o f  1.189 x g/cm3, which i s  t he  

value appropr iate f o r  d ry  a i r  a t  20°C and 750 mm atmospheric pressure, 

r a t h e r  than the customary value o f  1.293 x g/cm3 appropr iate f o r  

standard temperature and pressure. Therefore, the organ dose-rate 

f a c t o r s  given here are about 9% l a r g e r  than the  values ca l cu la ted  by 

Kerr  and Eckerman f o r  t he  same emit ted photon energy and the same 

source concentrat ion i n  a i r ,  due t o  the  d i f f e r e n t  dens i t y  o f  a i r  

assumed. 

I n  t h i s  repo r t ,  the organ dose-rate f a c t o r s  ca l cu la ted  using 
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2.2.2 Dose-rate f a c t o r s  f r o m  monoenergetic sources f o r  immersion 
i n  contaminated water 

Dose-rate f a c t o r  i n  water. For immersion i n  contaminated water, 

we assume t h a t  t he  exposed i n d i v i d u a l  i s  to ta l ly ’ immersed i n  an i n f i n i t e  

water medium w i t h  uni form radionucl ide concentrat ion. Therefore, from 

Eqs. (4) and ( 5 ) ,  the dose-rate f a c t o r  i n  water (w) f o r  emit ted energy 

Y 
E i s  given by . I  

DRFW(E ) = kE /p . 
Y Y  Y w .  . .  , . 

(17) 

I f  the exposed i n d i v i d u a l  i s  t o t a l l y  immersed i n  the  contaminated 

water, the assumption t h a t  the exposure mediumais i n f i n i t e  i n  ex ten t  

i s  a reasonable one, because the photon mean-freeTpath i n  water i s  on ly  

45 cm a t  10 MeV and decreases w i t h  decreasing energy.’l However, s ince 

the  head i s  normally not  submerged f o r  the same length o f  t i m e  as the  

r e s t  o f  the body, the r e s u l t i n g  dose-rate f a c t o r s . f o r  body organs near 

the head may be overestimated. 

and (14) f o r  immersion i n  contaminated a i r ,  t he  dose-rate f a c t o r  a t  

the body surface f o r  immersion i n  contaminated water should be obtained, 

i n  p r i n c i p l e ,  by accounting f o r  t he  energy absorpt ion i n  t i s s u e  r e l a t i v e  

t o  water averaged over the  spectrum o f  photon energjes i n  water i n c i d e n t  

upon the body surface. We note, however, t h a t  enqrgy absorpt ion i n  

t i s s u e  and water are very near ly  the  same a t  a l l  photon energies. 
Therefore, we de f i ne  RW i n  analogy w i t h  Eq. (12) as, 

Dose-rate f a c t o r  a t  t he  body surface. By analogy w i t h  Eqs. (13) 

Y 

where the r a t i o  i s  evaluated a t  the emit ted energy E and ca l cu la te  

the  dose-rate f a c t o r  a t  t he  body surface as 
Y ’  

DRFS(E ) = kE RW(E )/pw . Y Y  Y Y  Y 
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I f  the  spect ra o f  photons n contaminated water and a i r  are 

assumed t o  be the  same f o r  a given emi t ted  energy, t he  approximation 

f o r  t he  t issue- to-water  energy-absorption r a t i o  used i n  Eq. (19) i s  i n  

e r r o r  by less  than 2% a t  a l l  energies between 10 keV and 10 MeV. The 

sca t te red  photon spect ra should n o t  be s i g n i f i c a n t l y  d i f f e r e n t  i n  a i r  

and water, because o f  the  s i m i l a r  average atomic numbers f o r  the  two 

media. 

Dose-rate f a c t o r s  f o r  body organs. Monte Carlo ca l cu la t i ons  o f  

organ. dose-rate fac to rs -have no t  been performed f o r  immersion i n  con- 

taminated water. I n  t h i s  work, we assume t h a t  the r a t i o  o f  organ dose 

r a t e  t o  dose r a t e  a t  the  body surface i s  t he  same f o r  water immersion 

and immersion i n  contaminated a i r .  Therefore, the  organ dose-rate 

f a c t o r s  f o r  immersion i n  contaminated water are ca l cu la ted  from 

Eqs. (14), (16), and (19) as 

DRFk(E ) = kE Y Y  RW(E Y )Gk(Ey)/k;(Ey)pw , Y Y  

k where G (E ) i s  t he  r a t i o  o f  dose r a t e  i n  body organ k t o  the  dose r a t e  

i n  a i r  and R 

absorpt ion r a t i o  f o r  immersion i n  contaminated a i r .  

organ dose-rate fac to rs  f o r  immersion i n  contaminated water, because 

the  sca t te red  spect ra o f  photons a t  the  body surface f o r  water immersion 

and a i r  immersion should n o t  be s i g n i f i c a n t l y .  d i f f e r e n t  and i t  i s  

reasonable t o  assume t h a t  t he  r a d i a t i o n  f i e l d  i s  i s o t r o p i c  i n  both 

cases. 

Y- a i s  def ined i n  Eq. (13) as the  t i s s u e - t o - a i r  energy- Y 

Equation (20) should be a reasonable approximation t o  the  co r rec t  

2.2.3 Dose-rate fac to rs  from monoenergetic sources f o r  exposure 
t o  a contaminated ground surface 

Dose-rate f a c t o r  i n  a i r .  De r i va t i on  o f  the  equations f o r  t he  dose- 

r a t e  fac to rs  i n  a i r  o r  water i n  Sects. 2.2.1 and 2.2.2 above was pa r t i cu -  

l a r l y  simple, because the  source reg ion  co inc ides w i t h  the  exposure 

medium and the r a d i a t i o n  f i e l d  i s  the  same throughout the  source region. 

Therefore, the dose-rate fac to rs  cou ld  be ca l cu la ted  us ing the  p r i n c i p l e  
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o f  conservation o f  energy wi thout  e x p l i c i t  knowledge o f  the s p e c i f i c  
absorbed f r a c t i o n  f o r  photons i n  a i r  o r  water. 

tami nated ground s u r f  ace, however, t he  r a d i  a t i  on f i e l d  i n  a i  r above 

ground i s  no t  independent o f  he ight  above the surface. Therefore, the 

dose-rate f a c t o r  i n  a i r  above ground must be obtained by so l v ing  Eq. (5) 
f o r  the dose r a t e  a t  a given l o c a t i o n  from the assumed d i s t r i b u t i o n  o f  

sources on the  ground surface, using the known s p e c i f i c  absorbed f rac -  

t i o n  f o r  photons i n  a i r .  

The source reg ion i s  assumed t o  be a smooth i n f i n i t e  plane w i t h  . 

uni form source concentrat ion. From Eqs. (1) and (S), the dose-rate 

f a c t o r  i n  a i r  a t  a he ight  z above ground f o r  photon energy E i s  given 

by 

F o r  exposure t o  a con- 

Y 

DRFa(z,E Y Y  ) = k E Y j o  Oa(r,E Y Y  ) do , - .  

where r i s  the distance f r o m  any p o i n t  on the  ground t o  the  receptor 

p o s i t i o n  i n  a i r  and (J denotes the ground surface. 

F o r  photons, the s p e c i f i c  absorbed f r a c t i o n  i n  a i r  i s  given by6 

where 

(pen/p)a = mass energy-absorption c o e f f i c i e n t  i n  a i r  i n  cm2/g, 

= energy-absorption bui ldup f a c t o r  i n  a i r ,  

= l i n e a r  a t tenuat ion c o e f f i c i e n t  i n  a i r  i n  cm'l 

a 
'en 

pa 

a The q u a n t i t i e s  (~~,, /p)~,  Ben, and pa are funct ions o f  the photon energy 

and are evaluated a t  the emit ted energy E The t e r m  1/4nr2 describes 

the geometrical reduct ion o f  t he  r a d i a t i o n  f i e l d  w i t h  distance f rom a 

p o i n t  source, exp(-par) describes the  reduct ion i n  the number o f  

photons reaching the receptor p o s i t i o n  due t o  s i n g l e  sca t te r i ng  events 

i n  a i r ,  and (pen/p)a describes energy absorpt ion a t  the receptor 

Y' 
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p o s i t i o n  f o r  the  unscattered photons. The bui ldup fac to r ,  which i s  a 

func t i on  o f  the dimensionless quan t i t y  par,  accounts f o r  the number o f  

sca t te red  photons which eventual ly  reach the  receptor  p o s i t i o n  due t o  

secondary sca t te r i ng  events and f o r  the  dependence o f  the mass energy- 

absorpt ion c o e f f i c i e n t  on the  energy o f  the  scat tered photons. The 

bu i ldup f a c t o r  i s  dimensionless and has a value greater  than un i t y .  

The element o f  surface area, da, on the  ground surface i s  given 
I 

bY 

da = 2nr d r  . (23) 

Therefore, the dose-rate f a c t o r  i n  a i r  becomes 

where z i s  the he igh t  above the ground surface i n  cm. 

developed. l7 An approximation which o f t e n  leads t o  e a s i l y  in tegrab le  

equations and y i e l d s  good numerical accuracy i s  the  Berger form o f  the  

bu i ldup factor, '? given by 

Various a n a l y t i c a l  approximations f o r  the bui ldup f a c t o r  have been 

where the  c o e f f i c i e n t s  Ca and Da are funct ions o f  the emi t ted photon 

energy and Da must be less  than one. These c o e f f i c i e n t s  are obtained 

from l i n e a r  least-squares f i t s  o f  Eq. (25) t o  publ ished bui ldup fac to rs  

i n  a i r .  . 

t he  dose-rate f a c t o r  i n  a i r  as 

Evaluat ion o f  Eq. (24) us ing the  bui ldup f a c t o r  i n  E q .  (25) gives 
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N 

where E1(paz) i s  t he  we l l  known f i r s t - o r d e r  exponential i n t e g r a l  . 

The dose-rate f a c t o r  i n  a i r  var ies wi,,, the height  z a o v e  ground. I n  

t h i s  work, t he  dose-rate f a c t o r s  are based on an evaluat ion o f  Eq. (26) 
f o r  t he  s ing le  he igh t  z = 1 m, a distance which corresponds t o  t he  

average height  o f  t he  body surface f o r  an exposed i n d i v i d u a l  standing 
on the ground. 

By analogy w i t h  Eqs. (13) 

and (14) f o r  immersion i n  contaminated a i r ,  we c a l c u l a t e  the  dose-rate 

f a c t o r  a t  the body surface f o r  a he ight  z above a contaminated ground 

surface f r o m  Eqs. (13) and (26) as 

Dose-rate f a c t o r  a t  t he  body surface. 

This equation i s  obtained by c o r r e c t i n g  the  dose-rate f a c t o r  i n  a i r  f o r  
t he  t i s s u e - t o - a i r  energy-absorption r a t i o  Ea 

I n  a proper ca l cu la t i on ,  t he  t i s s u e - t o - a i r  energy absorpt ion r a t i o  
-a R i n  Eq. (28) should be evaluated according t o  the  d e f i n i t i o n  i n  Y 
Eq. (13) using the  scat tered photon spectrum i n  a i r  a t  t he  height  z 
above the  ground surface, r a t h e r  than the  scat tered spectrum i n  a i r  

from an i n f i n i t e  atmospheric c l  oud source. 

t i o n s  o f  scat tered photon spectra i n  a i r  above a contaminated ground 

surface and of the q u a n t i t y  'ia f o r  these spectra are not  ava i l ab le  i n  

Y' 

However, extensive c a l  c u l  a- 

Y 
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the l i t e r a t u r e . *  

i s  independent o f  the  he igh t  above ground and i s  g iven by the  values 

f o r  an i n f i n i t e  atmospheric c loud source shown i n  F ig.  2. We note t h a t  

the  e r r o r  i n  t h i s  assumption cannot be more than a few percent, because 

the  t i s s u e - t o - a i r  energy absorpt ion r a t i o  i s  no t  s t rong ly  dependent 

upon photon energy (e.g. , see Fig.  2). 

As w i t h  immersion i n  contami- 

nated water, Monte Carlo ca l cu la t i ons  o f  organ dose-rate fac to rs  have 

n o t  been performed f o r  exposure t o  a contaminated ground surface. We 

again assume t h a t  the  r a t i o  o f  organ dose r a t e  t o  dose r a t e  a t  the body 

surface i s  t he  same f o r  ground-surface exposure and immersion i n  con- 

taminated a i r .  Since a i r  i s  the  medium surrounding the  exposed i n d i -  

v idua l  f o r  bo th  a i r  immersion and ground-surface exposure, t h i s  i s  

equ iva len t  t o  assuming t h a t  t he  r a t i o  o f  organ dose r a t e  t o  dose r a t e  

i n  a i r  i s  the  same f o r  both exposure modes. Therefore, the  dose-rate 

f a c t o r  f o r  organ k i s  ca l cu la ted  from Eqs. (9), (16), and (26) as 

Therefore, we assume t h a t  t he  quan t i t y  ka i n  Eq. (28) 
Y 

Dose-rate f a c t o r s  f o r  body organs. 

k where G (E ) i s  def ined i n  Eq. (15). 

organ dose-rate fac to rs  f o r  ground-surface exposure i n  Eq. (29) may 

lead t o  r e s u l t s  which are s i g n i f i c a n t l y  i n  e r ro r .  The ca l cu la t i ons  

are based on the  dose-rate f a c t o r  i n  a i r  a t  the  s i n g l e  he igh t  z = 1 m 
above ground, and, more impor tant ly ,  a p p l i c a t i o n  o f  the  r a t i o  G (E ) 

‘d 
f o r  immersion i n  contaminated a i r  invo lves the  imp1 i c i t  assumptions 

Y 
It i s  important t o  recognize t h a t  the  assumption used t o  ca l cu la te  

k 

i 

*The energy spectrum f o r  a 13’ICs (E = 0.662 MeV) source ca lcu la ted  
by Beck and de Planque18 ind i ca tes  t h a t Y t h e  sca t te red  spectrum a t  a 
he igh t  o f  1 m above a contaminated ground surface i s  weighted more 
heav i l y  toward h igher  energies than the  corresponding spectrum from an 
i n f i n i t e  atmospheric c loud source, such as shown i n  Fig. 1. 
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t h a t  the  r a d i a t i o n  f i e l d  above ground i s  i s o t r o p i c  and independent o f  

he igh t  and t h a t  t he  energy spectrum o f  scat tered photons a t  any he igh t  

above ground i s  the  same as the  spectrum o f  sca t te red  photons i n  an 

i n f i n i t e  atmospheric c loud source. 

The assumption most c l e a r l y  v i o l a t e d  i s  t h a t  the  r a d i a t i o n  f i e l d  

i n  a i r  above a contaminated ground surface i s  i so t rop i c .  The angular 

d i s t r i b u t i o n s  f o r  two d i f f e r e n t  photon energies a t  a he igh t  o f  1 m ca l -  

cu la ted  by Beck and de Planque18 are shown i n  Fig. 6.* The r a d i a t i o n  

f i e l d  i s  c l e a r l y  q u i t e  an iso t rop ic ,  w i t h  most o f  the  photons coming 

from j u s t  below the  d i r e c t i o n  o f  t he  hor izon ta l  and very few coming 

from above the ho r i zon ta l .  The e f f e c t  t h a t  the  s t rong ly  an iso t rop ic  

angular d i s t r i b u t i o n s  a t  the  body surface would have on the  r e s u l t a n t  

organ dose-rate fac to rs ,  however, i s  no t  known. 

The d i f f e r e n t  energy spectra o f  scat tered photons i n  a i r  above a 

contaminated ground surface compared w i t h  the sca t te red  spectra from 

an i n f i n i t e  atmospheric c loud source undoubtedly have some e f f e c t  on 

the  r e s u l t a n t  organ dose-rate fac to rs .  

l a t i o n s  o f  Beck and de Planque,18 the  energy spectra from a ground 

surface are weighted more toward h igher  energies, use o f  the r a t i o  

G (E ) f o r  immersion i n  contaminated a i r  i n  Eq. (29) probably under- 

estimates the  organ dose-rate fac to rs  f o r  ground-surface exposure. 

We have no i nd i ca t i on ,  however, o f  the  magnitude o f  poss ib le  er rors .  

Ca lcu la t ion  o f  organ dose-rate fac to rs  based on the  dose-rate 

f a c t o r  i n  a i r  a t  t he  s ing le  he igh t  o f  1 m, ra the r  than averaging over 

a d is tance o f  2 m above ground, probably does no t  r e s u l t  i n  serious 
e r r o r s  unless the  photon mean-free-path i n  a i r  i s  about 2 m o r  less,  

which occurs on l y  f o r  the  lowest ene rg ies . l l  A t  these energies, the  

dose-rate fac to rs  f o r  organs near the  head could be s i g n i f i c a n t l y  over- 
estimated. For a l l  b u t  the  lowest energies, however, bo th  the angular 

d i s t r i b u t i o n  and the  energy spectrum o f  scat tered photons should no t  

vary  s i g n i f i c a n t l y  w i th  he igh t  above ground over a distance o f  2 m, so 
t h a t  the  dose-rate f a c t o r  i n  a i r  a t  a he igh t  o f  1 m should adequately 

approximate the  values averaged over a he igh t  o f  2 m. 

I f ,  as i nd i ca ted  by the  calcu- 

k 
Y 

*The apparent d i s c o n t i n u i t y  a t  90°, the d i r e c t i o n  o f  the  horizon- 
t a l  , i s  no t  r e a l  and i s  due t o  the  v e r t i c a l  sca le used i n  r e f .  18. 
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I n  p r i n c i p l e ,  a proper c a l c u l a t i o n  o f  organ dose-rate fac to rs  f o r  
exposure t o  a contaminated ground surface would account f o r  t he  

v a r i a t i o n s  o f  t he  angular and energy d i s t r i b u t i o n s  o f  the r a d i a t i o n  

f i e l d  a t  the body surface w i t h  he ight  above ground. Such a c a l c u l a t i o n  

i s  very d i f f i c u l t  and has not  been performed. A f u r t h e r  compl icat ing 

f a c t o r  i s  t h a t  the exposed i n d i v i d u a l  does not  normally maintain a con- 

s t a n t  v e r t i c a l  o r i e n t a t i o n  r e l a t i v e  t o  the ground surface. Accounting 

f o r  changes i n  o r i e n t a t i o n ,  however, would probably serve t o  make the  

ca l cu la t i ons  using Eq. (29) more accurate, because i t  i s  then reason- 

able t h a t  the r a d i a t i o n  f i e l d  a t  t he  body surface averaged over t ime 

i s  more near ly  i s o t r o p i c  than f o r  a constant v e r t i c a l  o r i en ta t i on .  14915 

2.2.4 Dose-rate fac to rs  f o r  photon spectra f r o m  rad ioac t i ve  decay 

I n  t h i s  sect ion,  t he  dose-rate f a c t o r  equations developed f o r  

sources o f  monoenergetic photons f o r  each o f  t he  three exposure modes 

are general ized t o  g i ve  the dose-rate f a c t o r  equations f o r  the spectra 

o f  photons r e s u l t i n g  f r o m  the decay o f  a p a r t i c u l a r  radionucl ide.  The 

genera l izat ion i s  based on Eq. (6) ( i . e .  , the dose-rate f a c t o r  f o r  each 

photon energy i n  the decay i s  weighted by i t s  i n t e n s i t y  and the r e s u l t s  

are summed over a l l  d i s c r e t e  photons i n  the  spectrum). 

Immersion i n  contaminated a i r .  From Eqs. (9), (14), and (16), 

t he  dose-rate f a c t o r s  f o r  immersion i n  contaminated a i r  from the  

spectrum o f  photons i n  rad ioac t i ve  decay are as fo l lows: 

Dose-rate f a c t o r  i n  a i r  (a) - 
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Dose-rate fac to r  a t  body surface ( S )  - 

DRFS = fiyDRF;(Eiy) 
Y i  

= 'k/p f .  E. .ka(Ei,) 2 a i  1II 1Y II 

Dose-rate f a c t o r  f o r  body organ k - 

DRF: = i fiyDRF:(EiY) 

Immersion i n  contaminated water. From Eqs. (17), (19), and (ZO), 
t he  dose-rate factors  f o r  immersion i n  contaminated water from t h e  

spectrum o f  photons i n  rad ioac t ive  decay are as fo l lows:  

Dose-rate f a c t o r  i n  water (w) - 

DRF" = fillDRF:(Eiy) 
Y i  

Dose-rate f a c t o r  a t  body surface (s)  - 

DRF; = C f .  D R F ~ ( E .  
i 1II Y 1, 

(34) 



t 

3 1  

Dose-rate f a c t o r  f o r  body organ k - 

DRFk = fiyDRFk(E. ) 
Y i  Y 1 Y  

= k/pw fiyEiyRy(Eiy)Gk(E. 1 Y  )/ka(E. Y 1Y ) 
i 

(35) 

Exposure t o  a contaminated ground surface. From Eqs. (26), (28), 

and (29), the dose-rate fac to rs  f o r  exposure a t  a he ight  z above a 

contaminated ground surface from the  spectrum o f  photons i n  rad ioac t ive  

decay are as fo l lows:  
. -  

Dose-rate f a c t o r  i n  a i r  (a) - _ .  

Dose-rate fac to r  a t  body surface (s)  - 

DRF'(Z) = f .  D R F ~ ( ~ , E .  Y i 'Y Y ll! 
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Dose-rate f a c t o r  f o r  body organ k - 
DRFy(z) k = fillDRF k (z,E. ) 

i Y 1Y 

The dose-rate fac to rs  i n  t h i s  r e p o r t  are ca lcu lated f o r  a he ight  

z = 1 m above the  ground surface. 

used i n  Eqs. (30)-(38) have the fo l l ow ing  d e f i n i t i o n s :  

Notat ion i n  dose-rate f a c t o r  equations. The various q u a n t i t i e s  

DRF = dose-rate f a c t o r  i n  u n i t s  o f  Sv/yr per  Bq/cm3 
f o r  a i r  and water immersion o r  Sv/yr per  Bq/cm2 
f o r -  ground surface exposure, . .  

= i n t e n s i t y  of i t h  - photon i n  number per decay, iy 
= energy o f  i t h  - photon i n  MeV, 

a .  E i y  . .  
k = numerical constant equal t o  the product o f  

1.6 x g-Gy/MeV and 3-15 x lo7 s/yr, 

= densi ty  o f  a i r ,  water i n  g/cm3, Pa9Pw 

'ia = r a t i o  o f  photon mass energy-absorption c o e f f i c i e n t s  
i n  t i s s u e  and a i r  averaged over spectrum o f  scat tered 
photons i n  an i n f i n i t e  atmospheric cloud, 

an i n f i n i t e  atmospheric cloud, 
Gk = r a t i o  of dose r a t e  i n  body organ k t o  dose r a t e  i n  

R" = r a t i o  o f  photon mass energy-absorption c o e f f i c  
i n  t i s s u e  and water f o r  emit ted photon energy, 

z = height  o f  body surface above ground i n  cm, 

(pen/p)a = photon mass energy-absorption c o e f f i c i e n t  i n  a 
i n  cm2/g, 

ents 

r 

I 
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.-, 

El = f i r s t - o r d e r  exponential i n teg ra l ,  

I-'a = photon l i n e a r  a t tenua t ion  c o e f f i c i e n t  i n  a i r  i n  cm'l, 

Ca,Da = c o e f f i c i e n t s  f o r  Berger f o r m  o f  photon energy- 
absorpt ion bui ldup f a c t o r  i n  a i r .  

2.3 Dose-Rate Factors f o r  Electrons 

This sect ion presents the  equations used t o  c a l c u l a t e  e lec t ron  

dose-rate f a c t o r s  f o r  rad iosens i t i ve  t issues of .the s k i n  f o r  each o f  

t he  three exposure modes considered. I n  re fs .  1 and 2, e lec t ron  

dose-rate fac to rs  were given f o r  t issue-equiva lent  mater ia l  a t  t he  body 

surface o f  an exposed i n d i v i d u a l ,  b u t  these dose-rate fac to rs  do not  

apply t o  the s k i n  o r  any other  organ. Only organs near the body sur- 
face are o f  i n t e r e s t  f o r  external  exposure t o  e lect rons f r o m  radio-  

a c t i v e  decay, because o f  t he  sho r t  range o f  such e lect rons i n  t issue.19 

Other organs o f  p o t e n t i a l  importance, such as the  lens o f  t he  eye and 

the  testes,  are not  considered i n  t h i s  repor t .  

The methods used t o  c a l c u l a t e  e lec t ron  dose-rate f a c t o r s  f o r  s k i n  

are based on the scaled p o i n t  kernels and geometrica1:reduction fac to rs  

developed by Berger. 7s The dose-rate f a c t o r  equptions f o r  s k i n  

presented i n  t h i s  sec t i on  have a lso been described by Kocher and 

Eckerman. 2o 

_ ,  

. A  

I n  Sect. 2.3.1, t he  assumed loca t i ons  o f  t he  rad iosens i t i ve  t issues 

o f  t he  sk in  are described. I n  Sects. 2.3.2-2.3.4, the dose-rate f a c t o r  
equations f o r  monoenergetic sources o f  e lect rons are given f o r  each o f  
t he  three exposure modes. S i m i l a r  t o  t h e  development' o f  t he  dose-rate 

f a c t o r  equations f o r  photons, we f i r s t  ca l cu la te  f o r  a given exposure 

mode the dose-rate f a c t o r  i n  the  medium surrounding the  exposed i n d i -  
v idua l ,  then the  dose-rate f a c t o r  a t  t he  body surface, and f i n a l l y  t he  

dose-rate f a c t o r  as a func t i on  o f  depth i n  t issue.  The dose-rate 

fac to rs  i n  s k i n  are obtained f r o m  the ca l cu la ted  depth-dose d i s t r i b u t i o n  

i n  t issue.  I n  Sect. 2.3.5, the dose-rate f a c t o r  equations are then 

general ized t o  the spectrum o f  e lect rons from rad ioac t i ve  decay, as i n  

Eq. (8). 
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2.3.1 Location o f  rad iosens i t i ve  t i ssues  o f  t he  s k i n  

The I C R P  has recommended t h a t  the  dose t o  sk in  be ca lcu la ted  by 

assuming t h a t  the  rad iosens i t i ve  t i ssues  l i e  a t  a s ing le  depth o f  

70 pm below the  body surface.21 f o r  external  exposure t o  e lect rons,  

t h i s  assumption usua l l y  r e s u l t s  i n  a dose r a t e  which i s  l a r g e r  than 

the dose r a t e  averaged over the  thickness o f  the  dermis, because the  

dermis extends t o  depths considerably greater  than 70 pm ( r e f .  22) and 

the  dose r a t e  decreases approximately exponential l y  w i t h  depth. 

A l te rna t i ve l y ,  i n  the  mathematical phantom descr ib ing  Reference Man,12 

the  s k i n  i s  represented as a l aye r  o f  f i n i t e  thickness extending from 

the  body surface t o  a depth o f  0.2 cm, and i t  i s  t h i s  representat ion 

which has been used t o  ca l cu la te  the  external  dose-rate fac to rs  f o r  

s k i n  f o r  exposure t o  photons g iven i n  t h i s  repor t .  

On the bas is  o f  the  above considerations, we have ca l cu la ted  two 

d i f f e r e n t  sets o f  e lec t ron  dose-rate fac to rs  f o r  the  skin.  On the one 

hand, we have ca lcu la ted  dose-rate fac to rs  by assuming t h a t  t he  rad io-  

sens i t i ve  t i ssues  are located a t  a s ing le  depth o f  70 pm below the body 

surface, i n  order  t o  be cons is ten t  w i t h  the  I C R P  recommendation. On 

the o ther  hand, we have a lso  ca lcu la ted  dose-rate fac to rs  averaged over 

the  e n t i r e  thickness o f  the  dermis as def ined f o r  Reference Man, i n  

order t o  prov ide e lec t ron  dose-rate f a c t o r s  which are reasonably con- 

s i s t e n t  w i t h  the  values f o r  photons. I n  the  l a t t e r  ca l cu la t i ons ,  the  
dermis i s  assumed t o  l i e  between 50 pm and 1,250 pm below the  body 

surface.22 For e i t h e r  ca l cu la t i on ,  the  dens i ty  o f  t i s s u e  i s  assumed 

t o  be 1.12 g/cm3 independent o f  depth.22 

2.3.2 Dose-rate fac to rs  from monoeneraetic sources f o r  immersion 
i n  contaminated water 

The dose-rate f a c t o r  equations f o r  immersion i n  contaminated water 

are developed f i r s t ,  because the  depth-dose d i s t r i b u t i o n s  obtained by 

Berger7ss f o r  t h i s  exposure mode are a lso  used t o  ca l cu la te  the  depth- 

dose d i s t r i b u t i o n s  f o r  immersion i n  contaminated a i r .  

Dose-rate f a c t o r  i n  water. By analogy w i t h  Eq. (17) f o r  photons, 

the dose-rate f a c t o r  a t  any p o i n t  i n  an i n f i n i t e  water medium which i s  
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un i fo rmly  contaminated w i t h  sources e m i t t i n g  e lec t rons  o f  energy EE i s  
given by 

DRF:(EE) = kEE/pw . (39) 

se-rat  f ac to  Dose-rate f a c t o r  a t  the  body sur fa  , The d a t  

t he  body surface i s  obtained from the  dose-rate f a c t o r  i n  water by 

accounting f o r  energy absorpt ion i n  t i s s u e  r e l a t i v e  t o  water f o r  the  

spectrum o f  e lec t rons  i n c i d e n t  upon the  body surface ,and by accounting 

f o r  the  sh ie ld ing  a t  any p o i n t  on the  body surface provided by body 

t issues.  

For photons, we have assumed t h a t  body t i ssues  prov ide no sh ie ld -  

i n g  o f  the  body surface from the source region. Electrons, on the  

o ther  hand, have on ly  a sho r t  range i n  t i ssue,  so t h a t  the  body t i ssues  

e f f e c t i v e l y  s h i e l d  the  body surface from h a l f  o f  the  source region. 

Thus, body sh ie ld ing  reduces the  e lec t ron  dose-rate f a c t o r  a t  the body 

surface by a f a c t o r  o f  1/2 compared w i t h  the  value i n  water. 

determined by the  r a t i o  o f  mass stopping powers, dE/dx, i n  the two 

For e lect rons,  energy absorpt ion i n  t i s s u e  r e l a t i v e  t o  water i s  

media. Thus, we de f ine  the  t issue- to-water  energy-absorption r a t i o  

f o r  immersion i n  contaminated water, RW as 
E ’  

RW = (dE/dx) t/( dE/dx)w , E 

where the  r a t i o  i s  evaluated a t  the  emi t ted energy E . Since the mass 

stopping powers i n  t i s s u e  and water are near ly  i d e n t i c a l  a t  a l l  ener- 

g ies , l g  the r a t i o  R: evaluated a t  energy EE i s  e s s e n t i a l l y  equal t o  

the  r a t i o  averaged over the spectrum o f  e lec t rons  i n c i d e n t  on the body 

surface due t o  s c a t t e r i n g  i n  water. Thus, the  dose-rate f a c t o r  a t  the 

body surface i s  ca lcu la ted  as 

E 

DRFE(EE) = $kEER:(Ec.)/pw . 
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I n  f a c t ,  R: i s  near ly  u n i t y  a t  a l l  energies so t h a t  t h i s  f a c t o r  could 

j u s t  as w e l l  be omi t ted from Eq. (41). The equivalence o f  t i s s u e  and 
water w i t h  regard t o  energy absorpt ion f o r  e lect rons was assumed by 

Berger7. i n  h i s  ca l cu la t i ons  o f  depth-dose d i s t r i b u t i o n s  described 

below. 

Dose-rate f a c t o r  as a func t i on  o f  depth i n  t issue.  Berger7 has 

ca l cu la ted  the e lec t ron  dose r a t e  as a func t i on  o f  depth i n  a semi- 

i n f i n i t e  t issue-equiva lent  t a rge t ,  which i s  assumed t o  be water, 

located adjacent t o  a s e m i - i n f i n i t e ,  un i formly contaminated water 

medium. S i m i l a r l y  t o  the  equations f o r  photon organ dose-rate fac to rs  

developed i n  t h i s  repo r t ,  t he  e lec t ron  dose-rate f a c t o r  as a func t i on  

o f  depth i n  t i s s u e  can be expressed as the product o f  t he  dose-rate 

f a c t o r  i n  the medium surrounding the  exposed i n d i v i d u a l  and a func t i on  

G which gives the/ reduct ion i n  dose-rate f a c t o r  as a f u n c t i o n  o f  depth 

i n  t i s s u e  due t o  t he  exclusion o f  rad ioac t i ve  sources f r o m  the  h a l f -  

space o f  t issue.  Thus, the dose-rate f a c t o r  a t  depth x i n  t i ssue  f o r  

t 

. .  

e lec t ron  energy EE i s  given by7 

where r: = r:(E,) i s  the mean e l e c t r o  range i n  water f o r  energ! E,, 
evaluated i n  the  continuous-slowing-down approximation. Calcu lat ion 
o f  t he  G-function from e lec t ron  s p e c i f i c  absorbed f r a c t i o n s  i n  water 

obtained by Monte Carlo techniques i s  described by B e r ~ e r , ~  and exten- 

s i ve  tab les  o f  t h i s  func t i on  are given i n  r e f .  8. 
The G-function, which Berger c a l l s  t he  geometrical reduct ion f a c t o r ,  

i s  expressed no t  as a func t i on  o f  t he  depth x alone f o r  a given energy, 

b u t  as a func t i on  o f  the dimensionless parameter x/r:. 

depth i n  t i ssue  by the e lec t ron  range r e s u l t s  i n  a geometrical reduct ion 

f a c t o r  which i s  near ly  independent o f  the emit ted e lec t ron  energy E,, 
a r e s u l t  which i s  i l l u s t r a t e d  i n  Fig. 7. The very weak energy depend- 

ence o f  G g r e a t l y  f a c i l i t a t e s  i n t e r p o l a t i o n  o f  tabulated values. A lso  
i nd i ca ted  i n  Fig. 7 i s  the range o f  scaled distances x/r: corresponding 

t o  t he  rad iosens i t i ve  dermis f o r  each o f  t he  two  emit ted energies, as 

Scal ing the  

t 
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Fig. 7. Geometrical reduct ion fac to r ,  G, g i v i n g  reduct ion i n  
e lec t ron  dose as a func t i on  o f  depth i n  t i ssue  f o r  immersion i n  a 
semi - in f in i te ,  un i fo rmly  contaminated water medium. The values are 
obtained from r e f .  8 and are p l o t t e d  vs the  depth i n  t i ssue  scaled by 
the mean e lec t ron  range. The l o c a t i o n  o f  the  rad iosens i t i ve  t i ssues  
o f  the sk in  i s  i nd i ca ted  f o r  each emi t ted e lec t ron  energy. 
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defined previously i n  Sect. 2.3.1. I t  i s  evident t h a t  the spectrum of 
scattered electrons i n  water from a 0.1-MeV source penetrates only the 
f ront  layer of the skin,  so t h a t  the average dose r a t e  over the dermis 
is  much lower than for  a 5-MeV source o f  equal strength. For any 
electron energy, the geometrical reduction factor  a t  the body surface 
(x/f = 0)  i s  1 / 2 ,  i n  agreement with the r e su l t  in Eq. (41). 

Berger’ has a lso considered a leakage correction t o  the dose-rate 
factor  as a function of depth in t i s sue  i n  Eq. (42), which accounts 
for  the f i n i t e  la te ra l  dimensions of the actual ta rge t  region for  an 
exposed individual and resu l t s  i n  a reduction of the dose-rate factor  
near the body surface by as much as lo%, depending upon the electron 
energy. 
dose-rate factor  as  a function of depth in t i s sue  becomes 

Including the leakage correction, denoted by q(x,E&), the 

The leakage correction factor  i s  represented by the empirical formula 

where q1 and the parameter a depend only on the emitted energy EE and 
q2 depends only on the r a t i o  x/a. 
obtained from Tables 3 and 4 of ref.  7. 

The quant i t ies  ql, a ,  and q2 are  

2.3.3 Dose-rate factors  from monoenergetic sources for  immersion 
in contaminated a i r  

Dose-rate factor  in a i r .  For immersion in contaminated a i r ,  we 
again assume t h a t  the exposed individual i s  standing a t  the boundary 
of a semi-infinite atmospheric cloud w i t h  uniform source concentration. 
In Sect. 2.2.1, we assumed tha t  the photon dose-rate factor  i n  a i r  near 
the air-ground interface i s  one-half of the dose-rate factor  i n  an 
i n f i n i t e  atmospheric cloud, due t o  the f ac t  t h a t  the photon mean-free- 
path in a i r  i s  usually large compared w i t h  the height of the exposed 
individual. Electrons, however, have a f i n i t e  range i n  a i r  and for 

. ,  
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conservative assumption t h a t  the  e lec t ron  dose-rate f a c t o r  i n  a 

any p o i n t  near the  air-ground i n t e r f a c e  i s  t he  same as the  value 

an i n f i n i t e  atmospheric cloud, so t h a t  t he  dose-rate f a c t o r  i n  a 

emi t ted energy EE i s  assumed t o  be 

energies less  than about 0.5 MeV, the  range i n  a i r  i s  l ess  than the  

he igh t  o f  an i n d i v i d u a l  standing on the  ground. Therefore, we make the  

r a t  

i n s i d e  

r f o r  

DRF:(EE) = kEE/pa . (45) 

Equation (45) provides a conservative overestimate o f  the  dose- 

r a t e  f a c t o r  i n  a i r  near the  a i r -ground in te r face ,  because the dose-rate 

f a c t o r  a t  the  i n t e r f a c e  i s  approximately one-half o f  t he  value f a r  

above ground f o r  any e lec t ron  energy and the  value a t  any he igh t  above 

ground w i l l  be l ess  than the  i n f i n i t e - c l o u d  value by a f a c t o r  between 

1/2 and 1 i f  the  e lec t ron  range i n  a i r  i s  g rea ter  than t h a t  he ight .  

Thus, the presence o f  the  air-ground i n t e r f a c e  reduces the  e lec t ron  

dose-rate f a c t o r  i n  a i r  averaged over the  he igh t  o f  t he  body surface 

above ground by a f a c t o r  between 1/2 and 1 compared w i th  the  i n f i n i t e  

c loud value, the  p a r t i c u l a r  value depending on the  e lec t ron  energy. 

The equation developed i n  t h i s  sec t ion  f o r  the  dose-rate f a c t o r  i n  t i s -  

sue as a func t i on  o f  depth below the  body surface a)so provides a con- 

serva t ive  overestimate of the  dose-rate f a c t o r  f o r  s k i n  f o r  immersion 

i n  contaminated a i r  by the  same fac to r .  

contaminated water, t he  body t i ssues  are assumed t o  s h i e l d  the  body 

surface from h a l f  o f  the  source region, so t h a t  the  dose-rate f a c t o r  

a t  the  body surface i s  1/2 o f  the  dose-rate f a c t o r  i n  a i r .  

we again apply a c o r r e c t i o n  f a c t o r  descr ib ing  energy absorpt ion i n  
t i s s u e  r e l a t i v e  t o  a i r .  For emi t ted energy E&, the  t i s s u e - t o - a i r  

energy absorption r a t i o  f o r  immersion i n  contaminated a i r  i s  def ined as 

Dose-rate f a c t o r  a t  the body surface. As w i t h  immersion i n  

I n  add i t ion ,  

R z  = (dE/dx)t/(dE/dx)a , 

where the r a t i o  i s  again evaluated a t  energy EE. Shown i n  Fig. 8 are  

values o f  the  r a t i o  i n  Eq. (46) compared w i t h  values proper ly  averaged 
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Fig. 8. Ratios of dose i n  t i s s u e  t o  dose i n  a i r  f o r  t i s s u e  immersed 
i n an i n f  i n i  t e  , un i  f o r m l y  contaminated atmospheric c loud vs emi t ted  
e l e c t r o n  energy. The s o l i d  symbols from r e f .  7 g i ve  the  dose r a t i o  
averaged over the  scattered e lec t ron  spectrum , i n  a i r .  The t r i a n g l e s  
g i ve  the  r a t i o  evaluated a t  t he  emit ted energy from r e f .  19. 
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over the spectrum o f  scat tered e lect rons i n  a i r  from monoenergetic 

sources. The comparison .shows t h a t  evaluat ion of t he  ti ssue-.to-ai&r 

energy-absorption r a t i o  a t  the emit ted energy leads t o  e r ro rs  i n  the  

dose-rate f a c t o r  a t  ' the body surface o f  less than 1% over a wide range 

o f  energies. Therefore, i t  i s  an exce l l en t  approximation t o  ca l cu la te  

the  body surface dose-rate f a c t o r  as 

Dose-rate f a c t o r  as a func t i on  o f  depth i n  t issue.  According t o  

the  formulat ion o f  B e r ~ e r , ~  the  dose-rate f a c t o r  f o r  emit ted energy EE 
' as a func t i on  o f  depth i n  t i s s u e  f o r  immersion i n  contaminated a i r  can 

be obtained f r o m  the  dose-rate f a c t o r  i n  a i r  i n  Eq. (45)-by apply ing 
t the  geometrical reduct ion f a c t o r  G f o r  immersion i n  contaminated water, 

t he  leakage c o r r e c t i o n  f a c t o r  q(x,EE) def ined i n  Eq. (44), and a f a c t o r  

which accounts f o r  the d i f f e rence  between energy absorpt ion i n  t i s s u e  

and a i r .  

R;(E&) i s  the t i s s u e - t o - a i r  energy-absorption r a t i o  f o r  emit ted energy 

EE d e f i n e d - i n  Eq. (46) and cu(E,) i s  a correct- ion f a c t o r  which d i f f e r s  

from u n i t y  by 2% o r  l ess  over a wide range o f  energies. Therefore, 

t he  dose-rate f a c t o r  as a func t i on  o f  depth i n  t i s s u e  f o r  immersion i n  

contaminated ., a i r  - i s  g iven by 

The l a t t e r  f a c t o r  may be w r i t t e n  as Rz(EE)/~(E,), where 

I 

J 

2.3.4 Dose-rate f a c t o r s  from monoenergetic sources f o r  exposure 
t o  a contaminated ground surface 

Dose-rate f a c t o r  i n  a i r .  As i n  Sect. 2.2.3 f o r  photon sources, 

the dose-rate f a c t o r  _ I  i n  a i r  a t  any h e i g h t  above ground due t o  monoener- 

g e t i c  sources o f  e lect rons uni formly d i s t r i b u t e d  on* a smooth i n f i n i t e  

ground surface can on ly  be obtained from e x p l i c i t  knowledge o f  t he  

e lec t ron  s p e c i f i c  absorbed f r a c t i o n  . i n  a i r ,  . By analqgy: wilth Eq. (21) 
f o r  photons, t he  dose-rate f a c t o r  i n  a i r  a t  a he ight  z above ground 

f o r  e lec t ron  energy EE i s  given by 

5 
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DRFa(z,E E E ) = kE E aa(r,EE) E do , 
u 

(49) 

where r i s  the  d is tance from any p o i n t  on the  ground t o  the  receptor  

p o s i t i o n  i n  a i r  and u denotes the  ground surface. 

analogous t o  Eq. (22) f o r  photons, has n o t  been developed. Therefore, 

.Eq.  (49) must be evaluated us ing numerical methods and tabu la ted  values 

o f  s p e c i f i c  absorbed f r a c t i o n s  obtained. by Monte Car lo  techniques. 

. I n  order t o  minimize the  dependence o f  the  s p e c i f i c  absorbed 

f r a c t i o n  on e lec t ron  energy a‘nd, thus, t o  f a c i l i t a t e  i n t e r p o l a t i o n  o f  

tabu1 ated Val ues , Berger7 s 8  has in t roduced the  dimension1 ess scaled 

p o i n t  kernel, denoted by FE(r/rO,EE) , def ined i n  terms o f  t he  s p e c i f i c  

absorbed f r a c t i o n  by the  equation 

An a n a l y t i c a l  equation f o r  the  e lec t ron  s p e c i f i c  absorbed f r a c t i o n ,  

FE(r/rO,EE) d(r/ro) = 4nNE(r,EE)r 2 d r  , 

where ro i s  the  mean e lec t ron  range a t  energy EE i n  the  medium o f  

dens i ty  p. 

o f  t he  e lec t ron  range. 

Subs t i t u t i on  o f  Eq. (50) i n t o  Eq. (49) us ing Eq. (23) f o r  the  

element o f  surface area y i e l d s  the  dose-rate f a c t o r  i n  a i r  f o r  a he igh t  z 
above ground as 

The sca l i ng  i s  accomplished by expressing distances i n  u n i t s  

where the  quan t i t y  R(z,EE) i s  t he  i n t e g r a l  over the  ground surface o f  

t he  scaled p o i n t  kernel  f o r  energy EE given by 



43 

and u i s  the scaled d is tance 

a u = r/rO . (53) 

The scaled p o i n t  kernel i n  a i r ,  F:, i s  o,tained from the  scaled p o i n t  

kernels i n  water, F:, tabu la ted  by Bergerg according t o  the  equation 

where a'(EE) i s  a sca l i ng  parameter ca lcu la ted  by Berger7 and i s  approxi- 

mately 1.02 over a wide range o f  e lec t ron  energies. 

Because e lec t rons  have a f i n i t e  range i n  a i r ,  the  i n t e g r a l  over 

the  ground surface i n  Eq. (52) vanishes unless the e lec t ron  range i n  

a i r  i s  greater  than the  he igh t  z above ground. 

t h i s  minimum value, t he  s p e c i f i c  absorbed f r a c t i o n  i s  zero. For a 

he igh t  o f  1 m i n  a i r ,  the  minimum e lec t ron  energy g i v ing .a  non-zero 

dose-rate f a c t o r  i n  a i r  i s  about 0.32 MeV. l9 

i n  Eq. (52) vanishes f o r  distances r greater  than the  maximum range o f  

e lec t rons  o f  energy EE i n  a i r ,  so t h a t  the  upper l i m i t  o f  i n t e g r a t i o n  

i s  e f f e c t i v e l y  f i n i t e .  

decay, the  scaled p o i n t  kernel  i n  water F: i s  zero f o r  values o f  the  

scaled d is tance u grea ter  than 1.25. 

Dose-rate f a c t o r  a t  the body surface. The dose-rate f a c t o r  a t  

the  body surface f o r  he igh t  2 above the  ground i s  obtained from the  
dose-rate f a c t o r  i n  a i r  i n  Eq. (51) by m u l t i p l y i n g  by a f a c t o r  o f  1/2 

t o  account f o r  the  sh ie ld ing  by body t i ssues  from h a l f  o f  the  source 
reg ion  and by the  t i ssue - to -a i r  energy-absorption r a t i o  def ined i n  

Eq. (46). 
expected t o  be a very good approximation t o  the  r a t i o  averaged over 

the  energy spectrum a t  the  body surface. 

' 

For energies less  than 

Furthermore, the  i n t e g r a l  

For e lec t ron  energies o f  i n t e r e s t  i n  rad ioac t i ve  

The energy-absorption r a t i o  evaluated a t  energy E& i s  again 

Thus, 

where R i s  def ined i n  Eq. (52). 
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Dose-rate f a c t o r  as a func t i on  o f  depth i n  t i ssue.  I n  p r i n c i p l e ,  

the  e lec t ron  dose-rate f a c t o r  as a f u n c t i o n  o f  depth i n  t i s s u e  f o r  

exposure t o  a contaminated ground surface should be ca l cu la ted  by con- 

s ide r ing  t ranspor t  o f  the  rad ia t i ons  i n  a i r  between the  ground and the  

he igh t  o f  the body surface fol lowed by t ranspor t  through the  body t i s -  

sues. However, n e i t h e r  empi r i ca l  equations nor tabu la t ions  o f  r e s u l t s  

obtained using Monte Carlo techniques have been presented f o r  the 

s p e c i f i c  absorbed f r a c t i o n  f o r  e lec t rons  t ranspor ted  through two d i f -  

f e r e n t  media. It - i s  a lso  evident t h a t  t he  geometrical reduc t ion  f a c t o r  

G developed by Berger7ss t o  ob ta in  depth-dose d i s t r i b u t i o n s  f o r  irnmer- 

s ion  i n  contaminated a i r  o r  water cannot be app l ied  t o  the  case o f  

ground-surface exposure, because t h i s  func t i on  app l ies  on l y  t o  a semi- 

i n f i n i t e  source volume i n  contac t  w i t h  the  exposed i n d i v i d u a l .  

e lec t ron  t ranspor t  through a i r  fo l lowed by t i s s u e  i s  reduced t o  a con- 

s i d e r a t i o n  o f  t ranspor t  through a i r  alone by assuming t h a t  the  t h i c k -  

ness o f  t i s s u e  can be replaced by an equ iva len t  thickness o f  a i r  which 

i s  then added t o  the  he igh t  z o f  t he  body surface above ground. That 

i s ,  f o r  depth x i n  t i ssue,  we ca l cu la te  the  dose-rate f a c t o r  i n  t i s s u e  
loca ted  a t  a he igh t  z '  above ground given by 

t 

I n  the  ca l cu la t i ons  performed here, the  problem o f  descr ib ing  

z; = z + 1.14(pt/p,)x 

I 

I 

where pt and pa are the  dens t i e s  o f  t i s s u e  and a i r ,  respec t ive ly ,  and 

the  f a c t o r  1.14 gives a good approximation t o  the  t i s s u e - t o r a i r  stopping 

power r a t i o  a t  any e lec t ron  energy (e.g., see Fig. 8). Therefore, f o r  

the  he igh t  z' above ground corresponding t o  the  depth x i n  t i ssue,  t he  

dose-rate f a c t o r  i n  t i s s u e  i s  obtained from Eq. (55) by rep lac ing  the  

he igh t  z by z ' :  

where Q(zl,EE) i s  obtained by rep lac ing  z by z '  i n  Eq. (52). 
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I n  t h i s  repo r t ,  t he  e lec t ron  dose-rate factors  f o r  rad iosens i t i ve  
t issues of the s k i n  are based on the  s ing le  value z = 1 m f o r  the height  

o f  the body surface above ground. F o r  photons, we have prev ious ly  

argued t h a t  organ dose-rate fac to rs  based on the s ing le  he ight  o f  1 m 
are a reasonable approximation t o  the values averaged over a height o f  

2 m f o r  an exposed i n d i v i d u a l  standing on the ground. Figure 9 shows 

e lec t ron  dose-rate fac to rs  a t  a depth o f  70 pm i n  t i s s u e  and values 

averaged o v e r  the thickness o f  the dermis ca lcu lated f o r  three d i f f e r e n t  

heights o f  the body surface above ground. 

dose-rate fac to rs  i n  s k i n  a t  a he ight  o f  1 m g i ve  a reasonable approxi- 

mation t o  the average o f  t he  values a t  the ground (0.01 m) and the  top 

o f  the head (2 m) on ly  f o r  e lec t ron  energies above about 1 MeV. For 

energies below 1 MeV, however, t h i s  i s  no longer the case, due t o  the  

increase w i t h  he ight  o f  t he  minimum e lec t ron  energy c o n t r i b u t i n g  t o  

the  dose-rate f a c t o r  f o r  skin,  and the dose-rate f a c t o r s  a t  1 m appear 

t o  underestimate the value averaged over a he ight  o f  2 m. 

below 0.36 MeV, i n  p a r t i c u l a r ,  the dose-rate fac to rs  a t  1 m are zero, 

which i s  c l e a r l y  an inappropr ia te approximation t o  the values averaged 

over the 2 m height  above ground. 

These r e s u l t s  show t h a t  the 

For energies 

A f u r t h e r  d i f f i c u l t y  w i t h  the  use o f  eq. (57) t o  ca l cu la te  e lec t ron  

dose-rate fac to rs  from a contaminated ground surface a r i ses  from the 

assumption i m p l i c i t  i n  Eq. (56), which def ines the  equivalent distance 

i n  a i r  between the ground surface and the s k i n  t issues, t h a t  the 

angular d i s t r i b u t i o n  o f  e lect rons i n c i d e n t  upon the  body surface i s  
i s o t r o p i c .  Although e lec t ron  angular d i s t r i b u t i o n s  above ground have 

not  been calculated, i t  seems reasonable on the  basis o f  angular 
d i s t r i b u t i o n s  f o r  photons shown i n  Fig. 6 t h a t  the e lec t ron  r a d i a t i o n  

f i e l d  i s  not  i s o t r o p i c  a t  a he ight  o f  1 m. As w i t h  photons, however, 

we have no i n d i c a t i o n  o f  the magnitude o f  poss ib le  e r r o r s  i n  the dose- 

r a t e  fac to rs  due t o  the an iso t rop i c  angular d i s t r i b u t i o n s .  
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Fig. 9. E lec t ron  dose-rate fac to rs  f o r  s k i n  vs emi t ted  e lec t ron  
energy f o r  exposure t o  a contaminated ground surface a t  th ree  
d i f f e r e n t  he ights  o f  t he  body surface above ground. The arrows a t  
t he  bottom o f  t he  f i g u r e  g i ve  the  energies a t  which the  dose-rate 
f a c t o r s  a re  zero, due t o  the  f i n i t e  e lec t ron  range i n  a i r .  
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2.3.5 Dose-rate f a c t o r s  f o r  e lec t ron  spectra from rad ioac t i ve  decay 

I n  t h i s  sect ion,  t he  dose-rate f a c t o r  equations developed f o r  

sources o f  monoenergetic e lec t rons  f o r  each o f  the  th ree  exposure modes 

are general ized t o  g i ve  the  dose-rate f a c t o r  equations f o r  the  spectra 

o f  d i s c r e t e  and continuous rad ia t i ons  r e s u l t i n g  from the  decay o f  a 

p a r t i c u l a r  radionucl ide.  The genera l i za t i on  i s  based on Eq. (8) ( i .e . ,  

the  dose-rate f a c t o r  f o r  each d i s c r e t e  o r  continuous e lec t ron  i n  the 

spectrum i s  weighted by i t s  i n t e n s i t y  and the  r e s u l t s  are summed over 

a l l  r ad ia t i ons  i n  t h e  spectrum). For a l l  th ree  exposure modes, t he  

dose-rate fac to rs  f o r  s k i n  are obtained from the  dose-rate f a c t o r  as a 

func t i on  o f  depth i n  t i s s u e  using the  assumed loca t ions  o f . t h e  radio- 

s e n s i t i v e  t i ssues  described i n  Sect. 2.3.1. 

Immersion i n  contaminated water. From Eqs. (39 ) ,  (41), and (43),  
the  dose-rate fac to rs  f o r  immersion i n  contaminated water from the  

spectrum of d i s c r e t e  and continuous e lec t rons  i n  rad ioac t i ve  decay are 

as fo l lows:  

Dose-rate f a c t o r  i n  water (w) - 
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Dose-rate f a c t o r  a t  body surface (s) - 

r 

Dose-rate f a c t o r  as a func t ion  o f  depth i n  t i ssue  (t) - 
t t 

i 
DRFE(x) = fieDRF,(x,Eie) 

max 

+ F fjpJEjB Njp(E)DRFE(x,E) t dE 
0 

r 

Immersion i n  contaminated a i r .  From Eqs. (45), (47), and (48), 

the  dose-rate fac to rs  f o r  immersion i n  contaminated a i r  from the  

spectrum o f  d i sc re te  and continuous e lect rons i n  rad ioac t ive  decay are 

as fo l lows: 



\ 
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Dose-rate f a c t o r  i n  a i r  (a) - 

Dose-rate f a c t o r  a t  body surface (s )  - . 

max 

N . (E)DRFs(E) dE 
JR. ,.. . . E  

DRFS = fieDRFz(Eie) + F f j p l E j p  
i 0 

E 

r 

. .  . 

Dose-rate f a c t o r  as a func t i on  o f  depth i n  t i s s u e  (t) - 

I 
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Exposure t o  a contaminated ground surface. From Eqs. (51), (55), 
and (57), the dose-rate fac to rs  f o r  exposure a t  a he igh t  z above a con- 

taminated ground surface from the  spectrum o f  d i sc re te  and continuous 

e lect rons i n  rad ioac t i ve  decay are as fo l lows:  

Dose-rate f a c t o r  i n  a i r  (a) - 

DRFa(z) = fieDRFz(z,Eie) 
i E 

,max 

+ 5: - f j B  /'jg N .  JB (E)DRF:(z,E) dE 

r 

Dose-rate f a c t o r  a t  body surface (s)  - 

DRFz(z) = fieDRFz(z,Eie) 
i 

,max 

,max 1 
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Dose-rate f a c t o r  as a func t i on  o f  depth i n  t i s s u e  (t) - 

DRF:(z') = fieDRF:(z' ,Eie) 
i 

,max 

+ F fjg/Ljp N.  (E)DRF& ,E) dE 
0 Jf3 

L 

,max 1 

f jp  Njp(E)E (l/rz) R:(E) R(z',E) dE (66) J + C f j g  J . o  

I n  these equations, 

z '  = z + 1.14(pt/pa)x (69) 

The dose-rate fac to rs  i n  t h i s  r e p o r t  are ca lcu la ted  f o r  a he igh t  

z = 1 m above the  ground surface. 

used i n  Eqs. (58)-(69) have the f o l l o w i n g  d e f i n i t i o n s :  
Notat ion i n  dose-rate f a c t o r  equations. The var ious quan t i t i es  

DRF = 

- 
f i e  - 

dose-rate f a c t o r  i n  u n i t s  o f  Sv/yr per  Bq/cm3 
f o r  a i r  and water immersion o r  Sv/yr per  Bq/cm2 
f o r  ground surface exposure, 

i n t e n s i t y  o f  i t h  - disc re te  e lec t ron  i n  number 
per  decay, 
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= e n e r b  o f  i t h  - d i s c r e t e  e lec t ron  i n  MeV, 

= i n t e n s i t y  o f  j t h  continuous e lec t ron  spectrum 

E i e  

fjs i n  number per  decay, 

E:;' - - end-point energy i n  MeV f o r  j t h  - continuous 
e lec t ron  spectrum, 

Njs(E) = energy d i s t r i b u t i o n  func t i on  f o r  j t h  - continuous 
e lec t ron  spectrum, 

k = numerical constant equal t o  the  product o f  
1.6 x g-Gy/MeV and 3.15 x lo7 d y r ,  

pa,pw,pt = densi ty  o f  a i r ,  water, t i s s u e  i n  g/cm3, 

R' = r a t i o  o f  e lec t ron  mass stopping powers i n  

R: = r a t i o  o f  e lec t ron  mass stopping powers i n  

E t i s s u e  and water f o r  emi t ted e lec t ron  energy, 

t i s s u e  and a i r  f o r  emit ted e lec t ron  energy, 

x = distance from body surface t o  rad iosens i t i ve  
t issues i n  cm, 

q = leakage c o r r e c t i o n i f a c t o r  t o  geometrical 
reduct ion f a c t o r  G , 

dose r a t e  i n  an i n f i n i t e  water medium, 
G t  = r a t i o  o f  dose r a t e  a t  a depth i n  t i s s u e  t o  the 

. .  

r:,rt = mean e lec t ron  range i n  water, a i r ,  

a , =  sca l i ng  parameter- g i v i n g  c o r r e c t i o n  f a c t o r  f o r  
. t i s s u e - t o - a i r  energy-absorption r a t i o ,  

z = height  o f  body surface above ground i n  cm, 

Fa = e lec t ron  scaled p o i n t  kernel i n  a i r  [see 
. E  .. Eq. (54)]. 

2.4 Adequacy o f  I dea l i zed  Dose-Rate Factors 

I n  d e r i v i n g  the  photon and e lec t ron  dose-rate f a c t o r  equations i n  

Sects. 2.2 and 2.3, we have already discussed some o f  t he  uncertain- 

t i e s  and l i m i t a t i o n s  inherent  i n  the resu l t s .  I n  p a r t i c u l a r ,  we 
discussed the e f f e c t s  o f  t he  air-ground i n t e r f a c e  on the  dose-rate 

f a c t o r s  f o r  immersion i n  contaminated a i r  and, f o r  ground-surface 

exposure, p o t e n t i a l  unce r ta in t i es  invo lved i n  c a l c u l a t i n g  dose-rate 

_I 
I 
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fac to rs  f o r  a s ing le  he igh t  above ground and assuming i s o t r o p i c  rad ia-  

t i o n  f i e l d s  above ground. 

o f  the i dea l i zed  exposure condi t ions assumed i n  c a l c u l a t i n g  the dose- 

r a t e  fac to rs ;  namely, the assumptions t h a t  the  contaminated a i r ,  water, 

o r  ground surface are e f f e c t i v e l y  s e m i - i n f i n i t e  o r  i n f i n i t e  i n  ex ten t  

and the rad ionucl ide concentrat ion i s  uni form throughout the source 

region. The quest ion n a t u r a l l y  a r ises  as t o  the  ex ten t  t o  which these 

idea l i zed  condi t ions are ever rea l i zed  f o r  actua l  releases o f  rad io-  

nucl ides t o  the  environment and subsequent exposures o f  the populat ion.  

We f i r s t  consider the  i dea l i zed  exposure condi t ions as they apply 

t o  the c a l c u l a t i o n  o f  e lec t ron  dose-rate factors .  Since e lect rons have 

a f i n i t e  range i n  a i r  o r  water, the i dea l i zed  assumptions should none- 

I n  t h i s  sect ion,  we r e t u r n  t o  a considerat ion 

the less r e s u l t  i n  reasonably r e a l i s t i c  dose-rate fac to rs  provided the 

rad ionucl ide concentrat ion i n  the  a i r  o r  water o r  on the ground surface 

does no t  vary s i g n i f i c a n t l y  over a distance from the  receptor p o s i t i o n  

equal t o  the e lec t ron  range. Var ia t ions  i n  concentrat ion beyond the 

e lec t ron  range are o f  no consequence. Figure 10 shows the e lec t ron  

range i n  a i r  as a func t i on  o f  energyfg f o r  the  range o f ' e l e c t r o n  

energies o f  i n t e r e s t  i n  rad ioac t ive  decay. The corresponding range i n  

water i s  about th ree  orders o f  magnitude less than the, values shown i n  

the f igure .  The maximum e lec t ron  range i n  a i r  o f  p o t e n t i a l  importance 

i n  environmental rad io log i ca l  assessments i s  seen t o  'be only  about 

40 m. For most radionucl ides,  i n  f a c t ,  the maximum e lec t ron  energy i s  

less than 4 MeV, and the  corresponding range i n  a i r  i s ' l e s s  than 20 m. 
Thus, the i dea l i zed  assumptions f o r  the e lec t ron  dose-rate. f ac to rs  are 
appropr iate f o r  actua l  exposures o f  the populat ion provided the rad io-  

nuc l ide  concentrat ion i s  approximately uni form over distances o f  no 
more than a few tens o f  meters from the receptor  p o s i t i o n  f o r  immersion 
i n  contaminated a i r  and ground surface exposure and distances o f  no 

more than a few centimeters from the receptor  p o s i t i o n  f o r  immersion 

i n  contaminated water. Such a cond i t i on  i s  c e r t a i n l y  achieved f o r  

water immersion, and, f o r  the expo.sure.modes i n v o l v i n g  e lec t ron  t rans-  

p o r t  i n  a i r ,  i t  seems l i k e l y  t h a t  such a cond i t i on  i s  achieved t o  a 
reasonably good approximation f o r  sources which are widely  dispersed 

i n  the  environment. Only f o r  unusual exposure condi t ions,  such as the  

* .  

. .  
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ENERGY (MeV) 
Fig. 10. Electron range in a i r  vs energy obtained from re f .  
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receptor p o s i t i o n  loca ted  i n  c lose p rox im i t y  t h i g h l y  l o c a l i z e d  

release t o  the  atmosphere a t  o r  near the  ground surface, would the  

i dea l i zed  dose-rate fac to rs  no t  appear t o  be 'appropr iate f o r  e lectrons. 

Photons, as opposed t o  electrons, do no t  have a f i n i t e  range i n  

a i r  o r  water, as can be seen from the  s p e c i f i c  absorbed f r a c t i o n  i n  

Eq. (22). However, the  s p e c i f i c  absorbed f r a c t i o n  decreases approxi- 

mately exponent ia l l y  w i t h  distance from a p o i n t  source, so t h a t  sources 

a t  r e l a t i v e l y  l a rge  distances do no t  con t r i bu te  s i g n i f i c a n t l y  t o  the  

dose r a t e  a t  a given po in t .  This i s  i l l u s t r a t e d  i n  Fig. 11, which 

dep ic ts  the  r a t i o  o f  t he  dose r a t e  a t  the center o f  a f i n i t e ,  un i fo rmly  

contaminated atmospheric c loud o f  a given radius t o  the  dose r a t e  i n  

an i n f i n i t e  atmospheric c loud w i t h  the same source concentrat ion. We 

f i n d  t h a t  f o r  immersion i n  contaminated a i r ,  about 85% o f  the dose r a t e  
a t  the  receptor p o s i t i o n  i s  due t o  photons emit ted w i t h i n  a distance 

o f  th ree  mean-free-paths. A s i m i l a r  r e s u l t  app l ies  f o r  immersion i n  

contaminated water. 

For a maximum photon energy from rad ioac t i ve  decay o f  about 10 MeV, 

a distance o f  th ree  mean-free-paths i n  water corresponds t o  a distance 

o f  on ly  about 2 m . l l  Therefore, t he  i d e a l i z e d  exposure cond i t ions  

would seem t o  be appropr iate i n  almost a l l  cases f o r  the  photon-dose- 

r a t e  fac to rs  f o r  immersion i n  contaminated water. For the  other two 

exposure modes, however, the  data p l o t t e d  i n  Fig. 12 show t h a t  the  

photon mean-free-path i n  a i r  i s  almost 250 m a t  4 MeV and near ly  400 m 
a t  10 MeV.ll Therefore, i f  the  radionucl ides i n  the  atmospheric c loud 

o r  on the ground surface emit  high-energy photons o f  s i g n i f i c a n t  in ten-  

s i t y ,  the r e s u l t s  i n  Figs. 11 and 12 show t h a t  t he  sources would have 

t o  be widely dispersed and the  concentrat ion would have t o  be approxi- 
mately uniform over distances o f  a few hundred meters o r  more from the  

receptor p o s i t i o n  i n  order f o r  t he  i dea l i zed  dose-rate fac to rs  t o  y i e l d  

reasonably accurate dose-rate estimates. It i s  c l e a r  t h a t  these con- 

d i t i o n s  do no t  s t r i c t l y  apply f o r  many r e a l i s t i c  exposure s i t ua t i ons ,  

such as exposure t o  p u f f s  r e s u l t i n g  from acute releases t o  the atmo- 

sphere, exposure a t  l oca t i ons  c lose  t o  l o c a l i z e d  releases, and exposure 

t o  elevated plumes i n  the  atmosphere. Therefore, t he  photon dose-rate 

fac to rs  f o r  a i r  immersion and ground surface exposure should be app l ied  
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t o  environmental r a d i o l o g i c a l  assessments on ly  a f t e r  due considerat ion 

o f  the  ex ten t  o f  the  source reg ion  and the  v a r i a t i o n  o f  rad ionuc l ide  

concentrat ion w i t h  loca t ion .  We note t h a t  the  i dea l i zed  photon dose- 

r a t e  fac to rs  a re  nonetheless l i k e l y  t o  be used q u i t e  ex tens ive ly  even 

f o r  exposure cond i t ions  f o r  which they are no t  s t r i c t l y  appl icable,  

p a r t i c u l a r l y  i f  they are expected t o  prov ide conservative overestimates 

o f  ac tua l  dose ra tes ,  because more r e a l i s t i c  ca l cu la t i ons  are consider- 

ab l y  more d i f f i c u l t  and expensive. 

described i n  t h i s  r e p o r t  assume t h a t  a l l  exposed i n d i v i d u a l s  are stand- 

ing outdoors on a smooth ground surface. R e a l i s t i c  popu la t ion  dose 

assessments should a lso  inc lude cor rec t ions  t o  the  dose-rate fac to rs  

t o  account f o r  e f f e c t s  such as b u i l d i n g  sh ie ld ing  dur ing  indoor 

residence, sh ie ld ing  provided by b u i l d i n g s  i n  c lose  p rox im i t y  t o  one 

another i n  urban environments, ground roughness and t e r r a i n  i r r e g u l a r i -  

t i e s ,  and penet ra t ion  o f  rad ionucl ides i n t o  the  ground w i t h  time. 

The dose-rate fac to rs  f o r  a i r  immersion and ground surface exposure 

3. THE REVISED DOSFACTER COMPUTER CODE 

The rev ised vers ion  o f  the  DOSFACTER computer code described i n  

t h i s  repo r t  was w r i t t e n  t o  ca l cu la te  photon dose-rate f a c t o r s  f o r  24 

body organs and e lec t ron  dose-rate fac to rs  f o r  the  s k i n  f o r  immersion 

i n  contaminated a i r ,  immersion i n  contaminated water, and exposure a t  

a he igh t  o f  1 m above a contaminated ground surface. For a given 

rad ionucl ide,  t he  code ca lcu la tes  organ dose-rate f a c t o r s  f o r  photons 

from Eqs. (32), (35), and (38), and e lec t ron  depth-dose d i s t r i b u t i o n s  

i n  t i s s u e  from Eqs. (60), (63), and (66). The e lec t ron  dose-rate 

fac to rs  f o r  s k i n  are obtained according t o  the  descr ip t ions  o f  the  

l o c a t i o n  o f  rad iosens i t i ve  t i ssues  g iven i n  Sect. 2.3.1. 

ca l cu la tes  body-surface dose-rate fac to rs  f o r  photons and e lec t rons  

from Eqs. (31), (34), (37), (59), (62), and (65). The user should 

again note t h a t  the  body surface does n o t  correspond t o  a rad iosens i t i ve  

t i s s u e  o f  i n t e r e s t .  

The code a lso  
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The DOSFACTER computer code i s  written in FORTRAN IV for the IBM 
computers a t  Oak Ridge National Laboratory. Core storage requirements 
are  270K bytes. The to ta l  amount of computing time required on the 
IBM 360-91 computer t o  produce the resu l t s  fo r  the 500 radionuclides 
tabulated i n  t h i s  report i s  approximately 20 m i n .  

3 . 1  Description of Subroutines and Calculational Procedures 

A l i s t i n g  of the revised DOSFACTER computer code* i s  given in 
Appendix A. The code consis ts  of a main program and 15 subroutines 
and function subprograms. This section br ie f ly  describes each module 
in the code and the numerical procedures executed therein. 

The MAIN PROGRAM serves only t o  ca l l  the subroutines which write 
the headings f o r  each table  of output, read and write the i n p u t  data,  
and calculate  the dose-rate factors  and write the resu l t s .  The main 
program also terminates the calculations upon detection of an end-of- 
f i l e  w i t h  the i n p u t  data. 

tables  of output onto the l ineprinter .  
are  produced by the code. 
l ines  emitted by each i n p u t  radionuclide according t o  type continuous 
negative electrons (betas)  from beta decay, positrons from beta decay, 
discrete  electrons,  and photons. The next four tables  l i s t  the energy 
and intensi ty  for  each radiation of the four d i f fe ren t  types given 
above emitted by each input radionuclide. For continuous electrons 
from beta decay, b o t h  the end-point energy and average energy are  given. 
The next three tables  l i s t  the body-surface dose-rate factors  fo r  the 
three exposure modes for  each input radionuclide, including the sum of 
the photon  and electron values. The next nine tables  l i s t  the photon 
organ dose-rate factors ;  for  each exposure mode, three tables are  
required t o  l i s t  the values for  the 24 di f fe ren t  body organs. 

SUBROUTINE PRINT writes the headings for  each of the d i f fe ren t  
A to ta l  of 23 di f fe ren t  tables  

The f i r s t  table  gives the number of spectral  

The next 

*The revised DOSFACTER code, the radioactive decay data base for  
the 500 radionuclides which serves as i n p u t  f o r  the code, and a com- 
p le te  l i s t i n g  of the dose-rate factor  o u t p u t  a re  available upon request 
from the Radiation Shielding Information Center, Oak Ridge National 
Laboratory, P.O. Box.X, Oak Ridge, TN 37830. 
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th ree  tab les  l i s t  t he  e lec t ron  dose-rate fac to rs  f o r  skin.  Values are 

given f o r  the f r o n t ,  midpoint, and back o f  the  dermis as def ined i n  

Sect. 2.3.1, t he  average over the  th ickness o f  the  dermis, and a t  a 

depth o f  70 pm. The l a s t  th ree  tab les  l i s t  t he  sk in  dose-rate fac to rs  

f o r  photons and e lect rons together. The e lec t ron  dose-rate f a c t o r  i s  

the  value a t  a depth o f  70 pm, and the  sum o f  t he  photon and e lec t ron  

values i s  given. 

d i f f e r e n t  output  device number. 

t he  23 d i f f e r e n t  tab les  are w r i t t e n  on output  device numbers 10 
through 32. The bas ic  advantage o f  t h i s  system i s  t h a t  unwanted output  

can e a s i l y  be omi t ted a t  t he  user ’s  d i s c r e t i o n  by proper use o f  JCL 

statements f o r  t he  output.  For example, i n  order  t o  w r i t e  the  contents 

o f  t he  t a b l e  w r i t t e n  on device number nn on the  I B M  computers a t  ORNL, 

the  proper JCL statement i s  

Each t a b l e  o f  output  generated by the  code i s  w r i t t e n  using a 

I n  the  l i s t i n g  given i n  Appendix A, 

//G0. FTnnFOOl DD SYS0UT=A, DCB=( RECFWVBA, LRECL=137 , BLKSIZE=1100) 

I n  order  t o  omi t  the  tab le  from the  w r i t t e n  output, however, the  user 

subs t i tu tes  the  JCL statement 

//G0. FTnnFOOl DD DUMMY 

Omission o f  t he  l i s t i n g  o f  the  tab les  o f  i npu t  data i s  p a r t i c u l a r l y  

recommended when performing ca l cu la t i ons  f o r  la rge  numbers o f  rad io-  

nucl ides,  because o f  the  considerable length  o f  these tab les.  

SUBROUTINE DATIN reads the  i npu t  rad ioac t ive  decay data f o r  each. 

rad ionucl ide i n  formats described i n  Sect. 3.3 and re tu rns  t o  the  main 

program an index denot ing de tec t ion  o f  the  end-o f - f i l e  f o l l o w i n g  the  

data f o r  the  l a s t  rad ionucl ide.  

SUBROUTINE DATOUT cont ro ls  w r i t i n g  o f  the  f i v e  d i f f e r e n t  data . 

tab les  l i s t i n g  the  rad ioac t ive  decay data f o r  each i n p u t  radionucl ide.  

SUBROUTINE DATLIN, which i s  c a l l  ed by SUBROUTINE DATOUT, w r i t e s  

each l i n e  o f  t he  i npu t  rad ioac t ive  decay data tab les  f o r  t he  fou r  d i f -  
f e r e n t  r a d i a t i o n  types i n  an appropr ia te format. . 
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SUBROUTINE CALC calcu lates body-surface and organ dose-rate fac to rs  
f o r  photons and con t ro l s  the  c a l c u l a t i o n  o f  body-surface and sk in  dose- 

r a t e  fac to rs  f o r  e lectrons. For each r a d i a t i o n  type and p a r t i c u l a r  

dose-rate factor ,  the basic scheme i s  t o  ca l cu la te  the c o n t r i b u t i o n  t o  
the dose-rate f a c t o r  from each i n d i v i d u a l  r a d i a t i o n  i n  the spectrum 

and add a l l  such contr ibut ions.  

The f i r s t  executable statements i n  the subroutine i nvo l ve  a ser ies 

o f  ca l cu la t i ons  which are performed only  once f o r  each run o f  t he  

program. These inc lude the  fo l lowing:  c a l c u l a t i o n  o f  t issue-to-water 

mass energy-absorption c o e f f i c i e n t  r a t i o s  f o r  photons and t i s s u e - t o - a i r  

and t issue-to-water mass stopping power r a t i o s  f o r  e lect rons a t  

25 energies between 10 keV and 10 MeV; c a l c u l a t i o n  o f  the minimum 

e lec t ron  energies c o n t r i b u t i n g  t o  t he  e lec t ron  dose-rate fac to rs  a t  

the d i f f e r e n t  depths o f  t i s s u e  i n  the dermis ( f r o n t ,  midpoint, back, 

and a t  70 pm) f o r  the d i f f e r e n t  exposure modes; d e f i n i t i o n  o f  an array 

o f  equal ly  spaced energies between 10 keV and 12 MeV f o r  c a l c u l a t i o n  

o f  the continuous spectrum o f  e lectrons o r  pos i t rons from beta decay; 

and, a t  a l t e rna te  values o f  the energies f o r  the beta spectra, calcula- 

t i o n  o f  t i s s u e - t o - a i r  and t issue-to-water mass stopping power r a t i o s ,  

values o f  t he  sca l i ng  parameter ci [see Eq. (48)], and values o f  the 

geometrical reduct ion f a c t o r  G a t  the d i f f e r e n t  depths o f  t i s s u e  i n  

the dermis f o r  a i r  and water immersion [see Eq. (48)]. 

above, t he  various photon and e lec t ron  dose-rate fac to rs  are ca lcu lated 
on the  basis o f  the spectra o f  the various r a d i a t i o n  types f o r  the 

given radionucl ide.  
are p a r t i c u l a r l y  simple, because the c o n t r i b u t i o n  from each r a d i a t i o n  

i n  the  spectrum involves only  a product o f  simple factors .  Many o f  
these factors  f o r  a given energy are obtained by means o f  quadratic 

i n t e r p o l a t i o n  o f  values i n  reference arrays. Contr ibut ions t o  the 

dose-rate fac to rs  from e l  ectrons from beta decay requi  r e  an i n t e g r a t i  on 

over the continuous spectrum f rom zero energy t o  the  end-point energy 

f o r  each separate t r a n s i t i o n  and, f o r  ground-surface exposure, an 

i n t e g r a t i o n  over the ground plane [see Eqs. (64)-(67)]. I n t e g r a t i o n  

over the  continuous e lec t ron  spectrum f rom beta decay i s  performed by 

t 

Fol lowing c a l c u l a t i o n  o f  the so-cal 1 ed reference arrays described 

The ca l cu la t i ons  f o r  photons and d i sc re te  electrons 
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summing the con t r i bu t i ons  from successive 20-keV wide energy b ins  

between zero energy and the  end-point energy. A t  each o f  these ener- 

g ies,  the  quan t i t y  N .  (E) descr ib ing  the  beta spectrum i s  ca lcu la ted  

by c a l l i n g  the  subroutine BSPEC. F o r  ground surface exposure, the  

i n t e g r a l  over the  ground surface f o r  a g iven energy, which i s  given by 

the  quan t i t y  R(z,E) i n  Eq. (52) and denoted by the  va r iab le  EINT i n  

the  code, i s  ca l cu la ted  by the subroutine BGRND. 

J B  

The l a s t  sec t ion  o f  t h i s  subroutine ca lcu la tes  the  e lec t ron  dose- 

r a t e  f a c t o r  averaged over the  thickness o f  the  dermis from the  values 

a t  the  f r o n t ,  midpoint, and back obtained prev ious ly .  I f  the  dose-rate 

f a c t o r  a t  the  back o f  the dermis i s  non-zero, t he  average over the  

dermis i s  obtained us ing Simpson's r u l e ;  otherwise, the  l o c a t i o n  i n  

the  dermis where the  dose-rate f a c t o r  becomes zero i s  estimated, and 

the  average value over the thickness o f  the  dermis I s  obtained from a 

t rapezoidal  o r  t r i a n g l e  r u l e .  Because o f  the  few thicknesses i n  t i s s u e  

a t  which the dose-rate fac to rs  are ca lcu lated,  es t imat ion  o f  the  values 

averaged over the  thickness o f  t he  dermis cannot be regarded as a 

r i go rous l y  accurate procedure. The purpose o f  these approximate ca l -  

cu la t i ons  i s  mainly t o  prov ide a comparison w i t h  the  dose-rate fac to rs  

ca l cu la ted  f o r  the  s ing le  depth o f  70 pm i n  t issue.  

f unc t i on  YLAG23 and performs Lagrangian i n t e r p o l a t i o n  i n  an a r ray  of 

YINTER i s  a s ing le  p r e c i s i o n  vers ion  o f  the  double p r e c i s i o n  

func t i on  values depending on a s ing le  var iab le .  

G, which i s  c a l l e d  by SUBROUTINE CALC, ca lcu la tes  the  e lec t ron  

geometrical reduc t ion  f a c t o r  i nc lud ing  the  leakage c o r r e c t i o n  fac to r '  

f o r  a g iven e lec t ron  energy and d is tance i n  t i s s u e  from the  body sur- 

face (see Sect. 2.3.2). The func t i on  subprogram a lso  requ i res  as i n p u t  

an a r ray  o f  e lec t ron  ranges i n  t i s s u e  as a func t i on  o f  energy. The 

geometrical reduc t ion  f a c t o r  i s  ca l cu la ted  by means o f  cubic  i n te rpo la -  

t i o n  i n  a two-dimensional reference a r ray  o f  values a t  2 1  scaled 

distances i n  t i s s u e  and 25 energies. Values o f  parameters which are  

func t ions  o f  a s ing le  va r iab le  are obtained by quadrat ic  i n t e r p o l a t i o n  

o f  values i n  reference arrays. 

FAC, which i s  c a l l e d  by. SUBROUTINE CALC, ca lcu la tes  the  r a t i o  o f  

organ dose r a t e  f o r  photons t o  the  dose r a t e  i n  an i n f i n i t e  atmospheric 
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cloud for a given organ and photon energy. Photon dose-rate factors 
are calculated for 24 body organs: adrenals, bladder, brain, breast, 
heart, small intestine, upper large intestine, lower large intestine, 
kidneys, liver, lungs, marrow, red marrow, ovaries, pancreas, skeleton, 
skin, spleen, stomach, testes, thymus, thyroid, uterus, and total 
body. Calculations for adrenals, brain, breast, and heart were not 
included in refs. 1 and 2, whereas previous calculations for yellow 
marrow and muscle are not included here. Because of the large range 
of values o f  organ dose-rate factors between 10 keV and 10 MeV, the 
desired ratio for a given organ i s  obtained by means of cubic inter- 
polation of the logarithms of ratios as a function of energy given in 
a reference array. 

El calculates first-order exponential integrals using polynomial ' 

and rational approximations given by Eqs. 5.1.53 and 5.1.56 of ref. 24. 
SUBROUTINE BSPEC, which is called by SUBROUTINE CALC, calculates 

the energy spectrum o f  continuous electrons from beta decay, denoted 
in this report by N. (E), multiplied by the total transition intensity 

The subroutine requires as input the end-point energy and inten- f 
sity for the beta transition, an array of energies at which the spec- 
trum is to be calculated, the atomic number of the parent radionuclide, 
and an index specifying whether the transition produces negative 
electrons or positrons and whether the transition is allowed or first- 
forbidden unique. 2 5 3 2 6  

J B  
j S '  

A rigorous calculation of the energy distribution function from 
beta decay can be a formidable task requiring extensive calculations 
(e.g., see ref. 9) ,  and such calculations would be prohibitively expen- 
sive for the large number of beta transitions of concern for this 
report. In this subroutine, we have used an approximation to the beta 

- 

the calculation spectrum given by Evans26 which considerably simp1 ifies 
and yields adequate numerical accuracy. 

The energy distribution function, properly normal 
to Eq. (7), can be written as25 

zed according 
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where 

fo (E)  = s t a t i s t i c a l  f a c t o r  f o r  al lowed t r a n s i t i o n ,  

fl(E) = co r rec t i on  f a c t o r  f o r  f i r s t - f o r b i d d e n  unique 
t r a n s i t i o n ,  

fC(Z,E) = co r rec t i on  f a c t o r  f o r  Coulomb in te rac t i on ,  

Z = atomic number o f  daughter nucleus, 

= end-point energy f o r  j t h  - continuous spectrum. 
E j p  

Because o f  the  small r e s t  mass o f  the  e lec t ron  compared w i t h  t y p i c a l  

t o t a l  t r a n s i t i o n  energies, r e l a t i v i s t i c  re la t i onsh ips  must be used f o r  

t he  d i f f e r e n t  f ac to rs  i n  Eq. (70). 
The s t a t i s t i c a l  f a c t o r  f o r  an allowed t r a n s i t i o n  i s  given by25926 

fo  = qW(Wmax - , (71) 

where 
- 

W = e lec t ron  t o t a l  energy, 

q = e lec t ron  momentum, 

Pax = e lec t ron  t o t a l  energy f o r  end-point o f  spectrum. 

I n  terms o f  t he  e lec t ron  k i n e t i c  energy E i n  MeV and the  r e s t  mass 

energy o f  0.511 MeV, the  t o t a l  energy and momentum are  g iven by 

W = E/0.511 + 1 , (72) 

(73) 
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The correction factor for a first-forbidden unique transition is 
given by 

fl = rl + (Pax - W)2 . (74) 

For allowed transitions or forbidden transitions other than first- 
forbidden unique, the quantity fl is taken to be 1. 

The useful approximation to the energy distribution function 
involves the relativistic Coulomb correction factor, which can be 
written asZ6 

2s ny 2 fC = q e Ir(l+s+iy)l , 

where 

2 1/2 - 1 
S = [I - (z/i37) 3 J 

and r is the complex gamma function. 
for 8- decay and - for 8' decay. 

(75) 

. .  

'(76) 

The sign of the quantity y is + 
_ .  

, , , e t  

For a particular beta transition, the spectrum given by Eq. (70) 
is calculated every 20 keV between zero energy and the end-point energy. 
The integral in the denominator in this equation is estimated using 
the trapezoidal rule. 

Comparisons of the approximate methods used here wi.th more rigorous 
calculations indicate that the present methods yield energy.distribution 
functions which are accurate within I.%. 

SUBROUTINE BGRND , which is call ed by SUBROUTINE CALC , calculates 
the integral over the ground surface of the electron scaled !point* 
kernel in air for a given electron energy and distance above ground 
[i.e:, the quantity R(z,E) in eq. (52)]. The subroutine also requires 
as input an array of electron ranges in air at 25 energies between 

. . -  , .  
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10 keV and 10 MeV. The subroutine re tu rns  the  value o f  the  des i red 

i n t e g r a l  and the value o f  the  e lec t ron  range i n  a i r  a t  the  given energy. 

Most o f  the  statements i n  the  subroutine are executed on ly  once 

f o r  each run o f  the  program. This p a r t  o f  t he  subroutine invo lves ca l -  

c u l a t i o n  o f  a two-dimensional reference ar ray  o f  the des i red i n t e g r a l s  

f o r  the  given he igh t  above ground. The reference ar ray  i s  ca lcu la ted  

f o r  25 energies between 10 keV and 10 MeV and f o r  25 values o f  the 

lower l i m i t  o f  i n t e g r a t i o n  i n  Eq. (52) between 0.0 and 1.20. The 

scaled p o i n t  kernels  i n  a i r  appearing i n  the  in tegrand are ca lcu la ted  

us ing Eq. (54) and two-dimensional cubic i n te rpo la t i ons  i n  a reference 

ar ray  o f  scaled p o i n t  kernels i n  water. The two-dimensional reference 

ar ray  o f  i n t e g r a l s  i s  then ca lcu la ted  us ing Simpson's r u l e .  

With each c a l l  o f  the subroutine, the  value o f  the  i n t e g r a l  i n  

Eq. (52) f o r  a g iven energy and d is tance above ground i s  obtained by 
means o f  a two-dimensional cubic i n t e r p o l a t i o n  o f  values i n  the 

reference ar ray  o f  i n t e g r a l s  described above. 

f unc t i on  DLAGz3 and performs Lagrangian i n t e r p o l a t i o n  i n  an ar ray  o f  

f unc t i on  values depending on two var iab les.  

SUBROUTINE INTER i s  an i n t e r p o l a t i o n  rou t i ne  i n  one dimensionz3 

used by DINTER. 

DCGAM ca lcu la tes  gamma funct ions o f  a complex argument us ing the  

power ser ies  expansion 

DINTER i s  a s ing le  p rec i s ion  vers ion o f  the  double p rec i s ion  

where the  c o e f f i c i e n t s  ck are given i n  Eq. 6.1.34 o f  re f .  27. While 

Eq. (78) i s  accurate f o r  the range o f  values of the  argument o f  the 

gamma func t i on  i n  Eq. (75) encountered i n  these ca lcu la t ions ,  we 

caut ion  t h a t  the power ser ies  expansion does no t  converge f o r  a r b i t r a r y  

values o f  the argument. 

SUBROUTINE DOSOUT w r i t e s  the  dose-rate fac to rs  f o r  photons and 

e lec t rons  i n  the appropr ia te tab les  and a lso  produces the  output  on 

punched cards. 

i n  Sect. 3.4. 

The formats f o r  the punched card output  are described 
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3.2 Data Libraries 

In order t o  calculate  the photon and electron dose-rate fac tors ,  
values of several energy-dependent parameters are  required for  each 
radiation i n  the spectrum from a par t icular  radionuclide. 
computer code calculates  these quant i t ies  by interpolation from refer- 
ence arrays of the parameters as a function of energy contained in data 
statements i n  various subroutines i n  the program. This section 
describes the data l i b r a r i e s  contained in the code. 

The DOSFACTER 

SUBROUTINE CALC contains reference values of the following parame- 
t e r s  a t  25 energies between 10 keV and 10 MeV: photon mass energy- 
absorption coeff ic ients  i n  a i r ,  water, and t i s sue ,  and mass attenuation 
coeff ic ients  in air;6s11,28 the r a t i o  of photon mass energy absorption 
coeff ic ients  i n  t i s sue  t o  the values i n  a i r  averaged over the spectrum 
of photons in a i r  from monoenergetic sources in an i n f i n i t e ,  uniformly 
contaminated atmospheric cloud; lo electron mass s t o p p i n g  powers in a i r ,  
water, and t i s sue ,  and electron ranges i n  a i r ; l g  and Berger C and D 
coeff ic ients  for  photon energy-absorption buildup factors  i n  a i r  
obtained from a l inear  least-squares f i t  of E q .  (25) t o  published 
buildup factors.  2 9 9  30 The subroutine a1 so contains values of the 
electron scaling parameter (11 [see E q .  (48)] a t  8 energies between 
10 keV and 2 MeV.7 

The function subprogram G contains a two-dimensional reference 
array of electron geometrical reduction factors  G t  fo r  a i r  and water 
immersion (see Sect. 2.3.2) for  25 energies between 10 keV and 10 MeV 
and 21  values of the distance i n  t i s sue  from the body surface divided 
by the electron range in t i s sue  between 0.0 and 1-00 ( r e f .  8). The 
function subprogram also contains reference arrays o f  the leakage 
correction parameters q and a [see E q .  (44)] f o r  17 energies between 
20 keV and 4 MeV and a reference array of the leakage correction 
parameter q2 f o r  15 values of the scaled distance between 0.0 and 
1.00 ( re f .  7 ) .  

The function subprogram FAC contains a two-dimensional reference 
array g i v i n g  the r a t i o  of photon dose r a t e  in body organs t o  the dose 
ra te  i n  an i n f i n i t e  uniformly contaminated atmospheric cloud. l3 The 

1 
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r a t i o s  are given f o r  24 body organs and 15 energies between 10 keV and 

10 MeV. 

SUBROUTINE BGRND contains a two-dimensional reference ar ray  o f  

e lec t ron  scaled p o i n t  kernels i n  water [see Eq. (50)] f o r  25 values o f  

the distance d i v ided  by e lec t ron  range between 0.0 and 1.20 and f o r  

25 energies between 10 keV and 10 MeV.8 The subrout ine a lso  contains 

a reference array o f  the sca l i ng  parameter a' [see Eq. (54)] f o r  con- 

v e r t i n g  scaled p o i n t  kernels i n  water t o  values i n  a i r  a t  8 energies 

between 10 keV and 2 MeV.' 

,3.3 Descr ip t ion  o f  I npu t  

The card i n p u t  fo r ,  the DOSFACTER computer code i s  d iv ided i n t o  

11 card sets. The desc r ip t i on  f o r  each card s e t  g iven below contains 

the  i n p u t  var iab les i n . t h e  . .  order  i n  which they are entered, the  FORTRAN 
format, the  def in i t i .ons of the  var iab les,  and d i rec t i ons  and r e s t r i c -  

t i o n s  f o r  use o f  the  card set. 

We note t h a t  Card Sets 2 and 3 o f  the  i npu t  data apply t o  the 

spectrum o f  alpha p a r t i c l e s  from the  p a r t i c u l a r  rad ionuc l ide  o f  i n t e r -  

est,.even though these, rad ia t i ons  are no t  re levant  t o  external  dosime- 

try. The reason f o r  i nc lud ing  the alpha rad ia t i ons  as i n p u t  t o  the 

code i s  t h a t  the  rad ionuc l ide  data f i l e  i n  the  formats l i s t e d  below i s  

a lso  used as i n p u t  t o  other  computer codes i n  which these rad ia t i ons  
are needed, such as ca l cu la t i ons  o f  i n t e r n a l  dose f o l l o w i n g  . inha la t ion  

or i nges t ion  o f  radionucl ides.  

used by the  DOSFACTER computer code fo l l ow ing  input .  

- - .  

. _  

The alpha p a r t i c l e  data are no t  f u r t h e r  

Card Set 1: INUCL, THALF, ATNO - 2A4, 2X, 3A4, 3X, F5.1 

INUCL - Radionucl ide name 

THALF, - Radionucl ide h a l f - l i f e  

ATNO - Atomic number o f  rad ionuc l ide  

The rad ionuc l ide  name and h a l f - l i f e  are used on ly  f o r  i d e n t i f i c a -  

t i o n  purposes and can be entered i n  any form desi red by the  user. 
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'Card S e t  2: NALF - I 4  

NALF - Number o f  alpha p a r t i c l e s  ( l i m i t  o f  20) 

Card Set 3: (EALF(J), FALF(J), J=l,NALF) - 6E11.4 

EALF(J) - Energy i n  MeV f o r  j t h  - alpha p a r t i c l e  

FALF(J) - I n t e n s i t y  i n  number per decay f o r  j t h  - alpha 
p a r t  i c l  e 

Card Set 4: NBETA, NFB, (NBF(I), I=l,NFB) - 714 

NBETA - Number o f  continuous beta p a r t i c l e s  ( l i m i t  o f  50) 

NFB - Number o f  f i r s t - f o r b i d d e n  unique ' t r ans i t i ons  * 

( l i m i t  o f  5) 

NBF(1) - Index f o r  i t h  f i r s t - f o r b i d d e n  unique t r a n s i t i o n ;  
value i s  thesame as the  index J f o r  the  
p a r t i c u l a r  t r a n s i t i o n  on Card Set 5 

I f  NBETA = 0, go t o  Card Set 6. 
. -  

Card Set 5: (EBMAX(J), EBAVG(J), FBETA(J), J=l,NBETA) - 6E11.4 

EBMAX(J) - End-point energy i n  MeV f o r  j t h  continuous beta 

EBAVG(J) - Average energy i n  MeV f o r  j t h  - continuous beta 

. %  

I .  
- 

p a r t i  c l  e 

p a r t  i c 1 e 

FBETA(J) - I n t e n s i t y  i n  number per  decay f o r  . -  j t h  continuous 
' 

beta p a r t i c l e  

Card Set 6: NPOS, NFP, (NPF(I) ,  I= l ,NFP) - 414' 

NPOS - Number o f  pos i t rons  ( l i m i t  o f  5) 
. 

NFP - Number o f  f i r s t - f o r b i d d e n  unique t r a n s i t i o n s  
( l i m i t  o f  2) 

NPF(1) - Index f o r  i t h  f i r s t - f o r b i d d e n  unique t r a n s i t i o n ;  
value i s  thcsame as the index J f o r  the  
p a r t i c u l a r  t r a n s i t i o n  on Card Set 7 

I f  NPOS = 0, go t o  Card Set 8. 
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Card Set 7: (EPMAX(J), EPAVG(J), FPOS(J), J=l,NPOS) - 6E11.4 

EPMAX(J) - End-point energy i n  MeV f o r  j t h  - p o s i t r o n  

EPAVG(J) - Average energy i n  MeV f o r  j t h  - p o s i t r o n  

FPOS(J) - I n t e n s i t y  i n  number per  decay f o r  j t h  - 
p o s i t r o n  

Card Set 8: NELEC - I 4  

NELEC - Number o f  d i sc re te  Auger and 
e lec t rons  ( l i m i t  o f  125) 

I f  NELEC = 0, go t o  Card Set 10. 

n terna conversion 

Card Set 9: (EELEC(J), FELEC(J), J=l,NELEC) - 6E11.4 

conversion electron- 
EELEC(J) - Energy i n  MeV f o r  j t h  Auger o r  i n t e r n a l  

FELEC(J) - I n t e n s i t y  i n  number per  decay f o r  j t h  - Auger 
o r  i n t e r n a l  conversion e lec t ron  

Card Set 10: NGAM - I 4  

NGAM - Number o f  photons ( l i m i t  o f  200) 

I f  NGAM = 0, e i t h e r  go t o  Card Set 1 t o  i npu t  data f o r  a new 

rad ionuc l ide  o r  en ter  an end-of - f ' i le  t o  terminate program. 

Card Set 11: (EGAM(J), FGAM(J), J=l,NGAM) - 6E11.4 

EGAM(J) - Energy i n  MeV f o r  j t h  - photon 

FGAM(J) - I n t e n s i t y  i n  number per  decay f o r  j t h  - photon 

Go t o  Card Set 1 t o  i n p u t  data f o r  a new rad ionuc l ide  o r  en ter  an 

end-o f - f i l e  t o  terminate program. 

The DOSFACTER computer code performs a complete s e t  o f  dose-rate 

f a c t o r  ca l cu la t i ons  f o r  a g iven rad ionuc l ide  before reading the  i npu t  

data f o r  the  next  rad ionucl ide.  The code thus does no t  prov ide f o r  
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storage o f  l a rge  amounts o f  rad ionuc l ide  data i n  the  computer, w i t h  a 

consequent reduc t ion  i n  core storage requirements. 

3.4 Descr ip t ion  o f  Output 

The p r i n t e d  output from the  DOSFACTER computer code cons is ts  o f  a 

sequence o f  tab les  which can be d i v ided  i n t o  two par ts .  The f i r s t  se t  

o f  tab les  gives the  i n p u t  rad ioac t i ve  decay data f o r  each radionucl ide,  

and the  second s e t  gives the  ca l cu la ted  ex terna l  dose-rate fac to rs  f o r  

photons and electrons. 

The i n p u t  data f o r  the  radionucl ides are l i s t e d  i n  the  f i r s t  f i v e  

tables.  The f i r s t  t a b l e  gives the  number o f  rad4ations o f  each o f  t he  

types: betas (continuous negative electrons),  posi t rons, (d isc re te )  

e lec t rons ,  and photons emit ted by each radionucl ide.  The next f ou r  

tab les  g ive  the  energies and i n t e n s i t i e s  o f  each r a d i a t i o n  f o r  the  f o u r  

d i f f e r e n t  types. 

The remaining eighteen tab les  g i ve  the  ca l cu la ted  dose-rate 

fac to rs ,  s i x  tab les  f o r  each exposure mode. 

exposure mode, w i t h  a l l  r e s u l t s  f o r  immersion i n  contaminated a i r  g iven 

f i r s t ,  fo l lowed by immersion i n  contaminated water, and f i n a l l y  expo- 

sure t o  a contaminated ground surface. For each exposure mode, the  

tab les  are ordered as fo l lows: dose-rate fac to rs  i t  the  body surface 

f o r  photons, electrons, and the  sum o f  the  two; th ree  tab les  o f  organ 

dose-rate fac to rs  f o r  photons; e lec t ron  dose-rate fac to rs  f o r  the  s k i n  

i nc lud ing  the  f r o n t ,  midpoint, and back o f  the  dermis ,% the average over 

the  thickness o f  t he  dermis, and the  value a t  a depth o f  70 pm from 

the  body surface; and dose-rate f a c t o r s  f o r  the  s k i n  f o r  photons, 
electrons, and the  sum o f  t he  two, w i t h  the  e lec t ron  value corresponding 

t o  a depth o f  70 l m .  The output formats are shown by the  tab les  given 

i n  Appendix B.' The tab les  o f  organ dose-rate fac to rs  f o r  photons i n  

Appendix'B have been arranged i n  a more convenient sequence than those 

w r i t t e n  by the  program. 

produces punch-card output o f  t he  ca l cu la ted  dose-rate fac to rs .  

The tab les  are ordered by 

For each i n p u t  radionucl ide,  the  DOSFACTER computer code a l so  

This 
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output  i s  described below i n  the same manner as the i n p u t . t o  the pro- 

gram was described i n  Sect. 3.3 .  

Card Set 1: INUCL, THALF - 2A4, 2X, 3A4 

INUCL - Radionuclide name 

THALF - Radlonucl ide h a l f - l i f e  

Card Set 2: DOSE(l) ,  DOSE(4), DOSE(7) - 3(1PE10.2) 

DOSE(1) - Photon dose-rate f a c t o r  f o r  body surface f o r  
a i r  immersion 

DOSE(4) - , ,  E lec t ron  dose-rate f a c t o r  f o r  body surface f o r  
a i r  immersion 

DOSE(7) - Sum o f  photon and e lec t ron  dose-rate fac to rs  
f o r  body surface f o r  a i r  immersion 

Card Set 3: DOSE(2), DOSE(5), DOSE(8) - 3(1PE10.2) 

DOSE(2) - Photon dose-rate f a c t o r  f o r  body surface f o r  
water immersion 

. DOSE(5) - E lec t ron  dose-rate f a c t o r  f o r  body surface f o r  
water immersion 

DOSE(8) - Sum o f  photon and e lec t ron  dose-rate fac to rs  
f o r  body surface f o r  water immersion 

Card Set 4: DOSE(3), DOSE(6), DOSE(9) - 3(1PE10.2) 

DOSE(3) - Photon dose-rate f a c t o r  f o r  body surface f o r  

DOSE(6) - E lec t ron  dose-rate f a c t o r  f o r  body surface f o r  

ground-surface exposure 

ground-surface exposure 

DOSE(9) - Sum of photon and e lec t ron  dose-rate fac to rs  
f o r  body surface f o r  ground-surface exposure 

Card Set 5: (DOSORG(l,J), J=1,24) - 8(1PE10.2) 

DOSORG(1,J) - Photon dose-rate f a c t o r  f o r  . -  j t h  organ f o r  
a i  r i mmer s i on 
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Card Set"6: (DOSORG(2,J), J=1,24) - 8(1PE10.2) 

DOSORG(2,J) - Photon dose-rate f a c t o r  f o r  j t h  - organ 
f o r  water immersion 

Card Set 7: (DOSORG(3,J), J=1,24) - 8(1PE10.2) 

DOSORG(3,J) - Photon dose-rate f a c t o r  f o r  j t h  organ 
, I  - 

f o r  ground-surface exposure 

Card Set 8: (DOSORB(l,J), J=1,3),. DOSORB(1,5), DOSORB(1,4) - 
5(1PE10.2) . 

DOSORB(1,J) - E lec t ron  dose-rate f a c t o r  f o r  f r o n t ,  mid- 
p o i n t ,  and back o f  dermis; value averaged 
over th ickness o f  dermi.s; and value a t  
depth o f  70 pm f o r  air '* immersion 

Card Set 9: (DOSORB(2,J) ,. J=1,3), DOSORB'(2',5), DOSORB(2,4) - 
5(1PE10.2) .., 

DOSORB(2,J) - E lec t ron  dose-rate fac to r .  f o r  f r o n t ,  mid- 
po in t ,  and back o f  dermis; value averaged 
over th ickness o f  dermis,; and value a t  
depth o f  70 pm f o r  water  immersion 

Card Set 10: (DOSORB(3,J), J=1,3), DOSORB(3,5), DOSORB(3,4) - 
5(1PE10.2) 

DOSORB(3,J) - E lec t ron  dose-rate f a c t o r  f o r  f r o n t ,  mid- 
p o i n t ,  and back o f  dermis; value averaged 
over th ickness o f  dermis; and value a t  
depth o f  70 pm f o r  ground-surface exposure 

Card Set 11: DOSORG(1,17), DOSORB(1,4), -DOSSKN(l) - 3(1PE10.2) 

DOSORG(1,17) - Photon dose-rate f a c t o r  f o r  s k i n  f o r  a i r  
i mmer s i on 

DOSORB(1,4) - E lec t ron  dose-rate f a c t o r  f o r  s k i n  (depth 
o f  70 pm) f o r ' a i r  immersion ' 

DOSSKN(1) 
f o r  s k i n  f o r  a i r  immersion 

- Sum o f  photon and e lec t ron  dose-rate f a c t o r s  
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Card Set 12: DOSORG(2,17), DOSORB(2,4), DOSSKN(2) - 3(1PE10.2) 

DOSORG(2,17) - Photon dose-rate f a c t o r  f o r  s k i n  f o r  water 
i mmers i on 

DOSORB(2,4) - E lec t ron  dose-rate f a c t o r  f o r  s k i n  (depth 
o f  70 pm) f o r  water immersion 

DOSSKN(2) - Sum o f  photon and e l e c t r o n  dose-rate 
f a c t o r s  f o r  s k i n  f o r  water immersion 

Card Set 13: DOSORG( 3,17), DOSORB( 3,4), DOSSKN( 3) - 3( 1PE10.2) 

DOSORG(3,17) - Photon dose-rate f a c t o r  f o r  s k i n  f o r  
ground-surface exposure 

DOSORB(3,4) - E lec t ron  dose-rate f a c t o r  f o r  s k i n  (depth 
o f  70 vm) f o r  ground-surface exposure 

DOSSKN(3) - Sum o f  photon and e l e c t r o n  dose-rate f o r  
s k i n  f o r  ground-surface exposure 

On Card Sets 5, 6, and 7, the  order o f  t h e  organs i s  the  same as 

g iven w i t h  the  d e s c r i p t i o n  o f  subrout ine FAC i n  Sect. 3 . 1  and i n  the  

output  tab les  i n  Appendix B. 

3.5 Job Control  Language 

This  sec t ion  provides documentation f o r  the  Job Contro l  Language 

used t o  execute t h e  DOSFACTER computer code on the  IBM computers a t  

t h e  ORNL Computer Center. The l i s t i n g  g iven below assumes t h a t  both 

t h e  FORTRAN program and the  i n p u t  data a re  read i n  from cards. 

Card No. L i s t i n g  

1 //DCKD JBB (XXXXX) ,  'X-10 7509 KBCHER' 
2 

3 

4 //FBRT.SYSIN DD * 
(FORTRAN program) 

5 /* 

//*CLASS CPU91=20M, PRINT=20, PUNCH=100, REGI0N=270K, I0=3.0 

// EXEC FBRTHCLG, PARM. G0=' E N - 1 '  , REGIBN. G0=270K 

6 //G0. FT07F001 DD SYSBUT=B 
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7-11 //GB.FTnnFOOl DD DUMMY 

BLKSIZE=1100) 

30 //GB.FT05F001 DD * 
( Inpu t  data) 

31 /" 
32 // 

12-29 //GB.FTnnFOOl DD SYSBUT=A,DCB=(RECFM=VBA,LRECL=137, 

On Card 1, XXXXX i s  a f i v e - d i g i t  charge number. 

Card 2 are  s u f f i c i e n t  t o  perform the  ca l cu la t i ons  f o r  a l l  500 rad io -  

nucl ides tabu la ted  i n  t h i s  repor t .  On Cards 7-11, the  output device 

numbers nn are  10-14. These devices are f o r  l i s t i n g  the  i n p u t  rad io -  

a c t i v e  decay data, and the  l i s t i n g  o f  these tab les  on the  l i n e  p r i n t e r  

i s  suppressed. On Cards 12-29, the  output device numbers are 15-32. 

These devices are  f o r  l i s t i n g  a l l  t ab les  o f  dose-rate fac to rs  on the  

l i n e  p r i n t e r .  

The i n p u t  rad ioac t i ve  decay data a re  a l so  a v a i l a b l e  on tape a t  

the  ORNL computer center. I n  order t o  read the  i n p u t  data from t h i s  

tape, Card 30 i s  replaced by the  fo l low ing :  

The spec i f i ca t i ons  on 

//G0. FT05F001 DD UNIT=TAPE8, DISP=(BLD , PASS), 

// VBL=SER=X03739, 

// LABEL=(l,SL), 

. // DSNzDECAY. DATA, 

// DCB=( RECFM=FB, LRECL=80 ,BLKSIZE=SEOO ,DEN=2) 

I n  add i t ion ,  Card 2 above should inc lude SPECIAL=TAPE. Data f o r  

selected rad ionuc l ides  can be read from the same tape i f  the  user 

suppl ies a program t o  s e l e c t  on l y  those rad ionuc l ides  o f  i n t e r e s t .  
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4. CALCULATION OF EXTERNAL DOSE-RATE FACTORS ' 

I n  a d d i t i o n  t o  present ing a d e r i v a t i o n  o f  the external  dose-rate 

f a c t o r  equations and p rov id ing  documentation o f  t he  rev ised DOSFACTER 

computer code, the  purpose o f  t h i s  r e p o r t  i s  t o  provide a t a b u l a t i o n  

o f  dose-rate fac to rs  f o r  photons and e lect rons f o r  approximately 500 

radionucl ides o f  p o t e n t i a l  importance i n  environmental r a d i o l o g i c a l  

assessments. The radionucl ides chosen inc lude those o f  p o t e n t i a l  

importance i n  r o u t i n e  o r  accidental  releases from nuclear f u e l  cyc le  

f a c i  1 i t i e s ,  those occu r r i  ng natura l  l y  i n  the  environment, those o f  

cu r ren t  i n t e r e s t  i n  nuclear medicine and fus ion  reac to r  technology, 

and a se lec t i on  o f  those o f  i n t e r e s t  t o  Committee 2 o f  t he  I C R P  f o r  

t he  est imat ion o f  annual l i m i t s  o f  in take and der ived a i r  concentrat ions 

f o r  occupat ional ly  exposed ind i v idua ls .  

o f  the various photon and e lec t ron  rad ia t i ons  used t o  ca l cu la te  the 

dose-rate fac to rs  f o r  each rad ionucl ide were obtained from a recent 

compi 1 a t i o n  o f  evaluated nuclear decay data. * 

i n  t h i s  r e p o r t  are tabulated i n  Appendix B. 

t o  environmental r a d i o l o g i c a l  assessments, i t  i s  very important f o r  

the user t o  note t h a t  f o r  a given rad ionucl ide the tabulated dose-rate 

factors  do not inc lude any poss ib le  con t r i bu t i ons  from rad ioac t i ve  
daughter products. Rather, a separate l i s t i n g  o f  dose-rate f a c t o r s  

The energies and i n t e n s i t i e s  

The dose-rate conversion fac to rs  f o r  t he  radionucl ides considered 

I n  apply ing these r e s u l t s  

f o r  a l l  daughter products i s  included i n  the tables.  Thus, f o r  example, 

the photon dose-rate f a c t o r s  f o r  137Cs are a l l  zero, because a l l  photon 

r a d i a t i o n s  a c t u a l l y  occur as a r e s u l t  o f  t he  decay o f  the rad ioac t i ve  

137mBa daughter product. 

able t o  assume t h a t  137mBa w i l l  be i n  secular e q u i l i b r i u m  w i t h  137Cs a t  

any l o c a t i o n  i n  the  environment and a t  any time, so t h a t  t he  dose-rate 

fac to rs  f o r  t he  daughter can be m u l t i p l i e d  by the known decay branching 

r a t i o 4  and added t o  the values f o r  the parent. For many other  radio- 

nucl ides producing rad ioac t i ve  daughter products, however, i t  i s  no t  

reasonable t o  assume secular e q u i l i b r i u m  between parent and daughter. 

I n  these cases, t he  dose-rate fac to rs  can be combined only  a f t e r  due 

considerat ion o f  the laws descr ib ing bui ldup and decay o f  rad ioac t i ve  

I n  t h i s  p a r t i c u l a r  case, i t  i s  probably reason- 
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daughter products w i t h  t ime4 and d i f ferences i n  environmental t ranspor t  

between the parent and daughters. 

separate l i s t i n g s  o f  the  dose-rate fac to rs  f o r  a l l  daughter products 

o f  a given parent. 

Thus, i t  seems sensib le  t o  maintain 

5. CONCLUSION 

This  r e p o r t  has presented a tabu la t i on  o f  ca lcu la ted  external  dose- 

r a t e  conversion fac to rs  f o r  approximately 500 rad ionucl ides o f  p o t e n t i a l  

importance i n  environmental rad io1 ogica l  assessments. These dose-rate 

fac to rs  are usefu l  i n  rad io log i ca l  assessments, because mu1 t i p 1  i c a t i o n  

by a known radionucl ide concentrat ion i n  the  environment gives the  

dose-equivalent r a t e  f o r  a given r a d i a t i o n  type, mode o f  exposure, and 

body organ. 

This repo r t  a lso  gives a complete documentation o f  the  models and 

equations used t o  ca l cu la te  the  dose-rate fac to rs  and o f  the  rev ised 

DOSFACTER computer code which performed the  ca lcu la t ions .  The r e s u l t s  

given i n  t h i s  repo r t  incorporate two major modi f icat ions and addi t ions 

t o  the  dose-rate fac to rs  publ ished from the o r i g i n a l  vers ion o f  the  

code: l S 2  

s i t i v e  t issues o f  t he  sk in  and (2) improved organ dose-rate fac to rs  

f o r  photons. 

f o r  a l l  photon energies than the  values used previously.  This i s  

p a r t i c u l a r l y  the  case f o r  red  marrow dose-rate fac to rs  below about 
200 keV, where the  new values are as much as an order o f  magnitude less  

than the  o l d  as the  r e s u l t  o f  a more appropr iate model f o r  descr ib ing 

the  sh ie ld ing  o f  bone marrow by bone. 

The presentat ion o f  the  dose-rate f a c t o r  equations i n  t h i s  repo r t  

has a lso  emphasized the  uncer ta in t ies  and l i m i t a t i o n s  inherent  i n  the  

app l i ca t i on  o f  t he  r e s u l t s  t o  environmental rad io log i ca l  assessments. 

An important l i m i t a t i o n  i s  t h a t  the  dose-rate fac to rs  are.based on the  

idea l i zed  and s i m p l i f i e d  assumptions t h a t  the  source reg ion i s  e f fec-  

t i v e l y  semi - i n f i n i t e  o r  i n f i n i t e  i n  extent  and t h a t  the  rad ionucl ide 

concentrat ion i s  uni form throughout the source region. Because o f  the  

(1) c a l c u l a t i o n  of e lec t ron  dose-rate fac to rs  f o r  radiosen- 

The improved photon dose-rate fac to rs  are genera l ly  less  
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r e l a t i v e l y  sho r t  range o f  e lec t rons  f r o m  rad ioac t i ve  decay i n  a i r  o r  

water, i t  i s  l i k e l y  t h a t  the  i dea l i zed  exposure cond i t ions  are reason- 

ab ly  w e l l  r e a l i z e d  i n  actual  exposures o f  a populat ion.  Because o f  

the  r e l a t i v e l y  loncj mean-free-path f o r  high-energy photons i n  a i r ,  

however, the i d e a l i z e d  photon dose-rate fac to rs  f o r  a i r  immersion and 

ground-surface exposure w i l l  no t  always be app l icab le  to'  the  actual  

exposure condi t ions,  and the  user must bear t h i s  i n  mind when apply ing 

the  r e s u l t s  g iven i n  t h i s  repor t .  The photon and e lec t ron  dose-rate 

fac to rs  f o r  ground-surface exposure may a l s o  be subject  t o  considerable 

uncer ta in ty ,  due t o  the  f a c t  t h a t  the  angular and energy d i s t r i b u t i o n s  

o f  the  rad ia t i ons  i n  a i r  above ground are no t  the  same as the  d i s t r i -  

but ions i n  an i n f i n i t e ,  un i fo rmly  contaminated atmospheric c loud and 

due t o  the  assumption t h a t  the  dose-rate fac to rs  can be based on a 

s ing le  he igh t  o f  1 m above ground. Possible e r r o r s  i n  the  dose-rate 

fac to rs  due t o  these e f f e c t s  are l a r g e l y  unknown. 

used i n  ob ta in ing  the  dose-rate fac to rs  g iven i n  t h i s  repo r t ,  i t  seems 

l i k e l y  t h a t  the  r e s u l t s  can be used ex tens ive ly  i n  environmental rad io -  

l o g i c a l  assessments, p a r t i c u l a r l y  f o r  exposure cond i t ions  i n  which the  

dose-rate fac to rs  are expected t o  prov ide conservative overestimates 

of dose, p r i m a r i l y  because more r e a l i s t i c  ca l cu la t i ons  are  considerably 

more d i f f i c u l t .  I n  addi t ion,  i t  should be r e a l i z e d  t h a t  f o r  many expo- 
sure s i t u a t i o n s  the  uncer ta in ty  i n  est imated dose-equivalent ra tes  from 

ex terna l  exposure i s  probably dominated by the  uncer ta in ty  i n  the 

assumed rad ionuc l ide  concentrat ions i n  the  environment as a func t i on  

o f  t ime and loca t i on .  

I n  s p i t e  o f  t he  numerous approximations and s i m p l i f y i n g  assumptions 
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APPENDIX A 

LISTING OF THE DOSFACTER COMPUTER CODE 

A l i s t i n g  o f  the revised DOSFACTER computer code i s  given on the  

The subroutines and funct ion subprograms are  l i s t e d  fo l lowing  pages. 

i n  the  same order as they a r e  described i n  Sect. 3.1. 
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C 
C PROGhAM DfJSFACTE~ (DOSE FACTnFS FOR EXTEPYAL OADIATIOYI  
C 
C A PQOGPAM T C  CALCULATE OOSF-PATE COVVEPSI'JN FACTnRS FtrR EXTFPVAL EXPOSURE TO 
C PHOTONS AND ELECTRONS V I A  IMMERSI3Y I N  COYTAHIYATD 4IR. IMMEaSIPN I Y  
C CnNTAMINAEO WATER* AND IoRADIATIOV FRQY A CONfAMINATED CROUVD SURFACE 
C 
C THIS VERSION OF T H E  POOGPAM INCLUDES C 4 L t U L 4 T I O N  OF ELECTRON DOSE-a4TE F4CTr1RC 
C FOR S K I N  AND THE REVISED ORGAY DIISE-RATE FACTOPS FOP pHOT3YS 
C 
C PROGQAM AUTK'R? Do C. KOCHER 
C TECHNnLnGY ASSESSHEYIS SECTION 
C HEALTH AND SAFETY ?€SEARCH D I V I S I O N  
C OAK RIDGE NATIONAL LABWATORY 
C OAT€: NOVEH9ER 1980 
C 
C 
C I N I T I A L I Z E  INDEX FOQ O E T E C T I n Y  3 F  EXD-OF-FILE FQP INPUT DATA 
C 

C 
C WRITE H E A O I W S  F30 EACH T4RLE fF OUTPUT 
C 

C 
C PERFORM A CQMPLEIE SET OF C4CULATIONS FPF ONE R4010NUCLIDE AT A T I M E  

NQUIT=O 

CALL PRINT (01 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

READ INPUT DATA 

1 CALL O A T l N  ( N Q U I T I  

TEST FCR END-PF-FILE F[?R INPUT DATA TO END CALCUL4TIOt4S 

I F  (NQUI' .NE. 

WRITE INPUT DATA 

CALL OATPUT 

0 )  GD TCl 2 

CALCULATE DOSE-OAT€ CONVEsSIOV FAtTCIPS 

CALL C A l C  

WQITE D@SE-PArE CONVEFSIOY FACTCQS 

CALL D O F U T  
GO TO 1 ' 

2 STOP 
END 
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C 

C 
C WRITES HEADINGS FOR EACH TA9LE OF OUT.PUT 
C 
C NTYPE - I h Q E X  FPP EACH TYPE OF T.ABLE 
C = 0 FOR F I R S T  T T M E  THROUGH SU@ROUTINE WHEN ALL TABLE HEADIVGS APE . e  We1 ++EM 

SURPOUTIME P R I N T  (NTYOED 

C = L T O  WRITE PADIPNUCLIDE AVO SPECTRAL IDENTIFIC~TICV TABLE HEADIYGS 
C ONLY 
C = 2 TCI WRITE BETA-PARTICLE DATA TABLE HEAOIWGS ONLY 
C = 3 TO 'WRITE P q S I i R Q N  DATA TABLE .HE4DING5 ONLY 
C = 4 TO WRITE AUGER AND I N T E Q V A L  CONVERSION ELECTRON! DATA TABLE 
C HEADINGS PNLY ' 

C = 5 T O  WR!T€ PHOTON DATA TABLE HEADINGS ONLY 
C = 6 TO WSTTE RUDY-SUQFACE D3SE-P.A'E CONVERSI3V FACTOP TABLE HE431YGS 
C ONCY 

C PHOTONS OF!LY 
C = 8 T O  WRITE,  S K I N  DOSE-P.ATE COYVERSIOY FACTOP TABLE H F A D I Y G S  FOQ 
C ELECTRPNS .ONLY 
C = 9 TO WRITE SKIN DOSE-P.ATE CONVERS.ION FACTOR. TABLE HFADIYGS FOQ 
C 
C 

C P 7 TO WRITE @RGAN 00SE-PbTE CONVEPSION FACJCP. . T A B L E ~ H E 4 0 I N G S  FOP 

PHOTONS* ELECrRONS, 4'10 SUM OF THE TU3 
* 

I F  (NTYPE .€O.  01 GO T n  1 
GO TO (1, 2, 3r 4 9  5, 6 r  7r 8 r  91r  h!TYP€ . .  I 

. ,., C 
C R A D I O N U C L I D E  AND SPECTRAL I O E N T I F I C A I I D N  
C 

1 WQITE t ~ O ~ L O D  1 "  

. .  
10 F P M A T  ( lH11 

20 FORMAT (1HO.. 2 X r  40HRAOI3NUCLIOE AVO SPECTPAL I D E N T I F I C A T I O Y D  

21 FORMAT (1H0, 62x1 24HNUYBER OF SPECTRAL L i N E S D  

WRITE ( 10,920I 

W R I T E . ( l O r 2 ? I  . .  

WRITE ( 1 0 1 2 2 1  : . . 
WRITE ( LO 9231 

2 2  FORMAT (1H , 3 4 X r  39H------------------------------------- I 

23 FORMAT (1H r 5x9 7HNUCL!DEr 8x1 9 H H 4 L F - L I F E r  5x1 5HBETASr 4 x 1  . .  2 9HPOSI rRONS; 2 x 6  ~HELFCTRQYSI  3K r 7HQHOTONS/I  . * .  
I F  (NTYPE .NE. 01 G n  TO 99 

c 
C BETA-PARTICLE OAT4 
C . .  

Z . W R I T E  ( l ? r l O I  
WRITE ( l l r 2 4 1  

26  FORMAT (1HOv 2X; 4 7 H E Y E a G I E S  AND I N T E N S I T I E S  FOR EACH R E T 4  P A R T I C L  
2E I 

WRITE I 11 125 I 
25 FOP.MAT (LkOr . 36Xr  TH(Y4XTWUMr 9x9 7HAVEPAGEt 9 x 1  9HIYTEYSITY D 

26 FORMAT (1H 9 5x9 l H N U C L I D F ,  8x1 SHHALF-L IFF,  5x1 l2HENEPGY ( M E V I r  . 
WRITE ( l l i 2 6 J  

2 4x9 12HENEQGY (MEVDr S X r  ? ? H ( P E P .  D E C A Y I I  
I F  (NTYPE .NE. 01 G@ TO 99 

C 
C POSITRON Q A t A  

. b  
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r 
3 WPITE ( 1 2 r l O 1  

WRITE ( l 2 1 2 7 )  

WRITE ( I 2 r 2 5 1  
WRITE ( 12.26) 
I F  (NTYPE .WE. OD GI! TO 99 

27 FORMAT (1H01 2x1 42HENEQGIES ANI9 I h ! T E N S I T I E S  FOR EACH POSIT?OYI 

C 
C AUGER AND INTERNAL CFNVERSION ELECTP3N DATA 
c 

4 WRITE ( 131 LO) 
WRITE ( U v 2 8 D  

28 FORMAT (1HOe 2 x 1  72HENERG!ES AYD I N T E N S I T I E S  FOR EACH AUGER AND I N  
2TERN AL CUNVER S ION E LECTQON 1 

WRITE (U*29 t  

W R I T E  (13~30) 
29 FORMAT (LHO, 37X. 6HENERGYe 9x1 SHIN'ENSITYI 

30 FORMAT (1H 5x1 MNUCLIDE,  8x1 OHHALF-LIFE, 9x1 SH(MEV1. 8x1 
2 1 l H l P E R  DECAVDB 

I F  (NTYPE .NE. 08 GO TO 9 9  
C 
C PHOTON DATA 
C 

5 WRITE t I41108 
WRITE ( 14,318 

WRITE ( 1 4 r 2 9 I  
WRITE ( 14.30) 

31 FORMAT (LHO. 2x1 40HENERGIES A W  I N T E N S I T I E S  FOQ EACH PH3TONI 

IF (NTVPE .NE. O D  GO T n  99 
C 
C BOOY-SUPFACE DOSE-RATE CONVERSIOF! FACTORS 
C 
C AIR IMMERSION 
C 

6 WRITE ( 1 5 r L O I  
WRITE ( 151328 

32 FORMA' (1HO. 2 x 9  62HOOSE-RATE C3VVERSIOY FACT3PS FOP I Y M E Q S I O N  !N 
2CONTAMINATE0 A l p  D 

WRITE ( 1 5 1 3 3 1  
33 FORMAT tlH0, 5 x 1  68HOr)SE PATE AT R O W  SURFACE F O R  ATR CONCEMTRATIq 

2N OF 1 PER CUBIC C M I  
WRITE 15134) 

WRITE t 1 5 1 3 5 )  

WRITE ( 15.36) 

34 FORMAT (1HO. .38X, CHPHOTON. 11x1 BHELECTRON, 12x1 SHTOTAL I 

35 FORMAT ( L H  9 37x9 9HOCISE PATE. 9 x 1  9HC)QSE R A T E ,  9 x 1  9HDOSE S A T E )  

36 FORMAT (1H 1 5 x 1  ~HNUCLTDEI 8x1 9HHALF-LIFEr 9x1 ? H ( S V / Y P I r  1 1 x 1  
2 T H ( S V / V D r  11x9 ? H ( S V / V P l / I  

C 
C WATER I M M E P S I O N  
C 

WRITE (2l.10) 
WRITE ( 2 1 r 3 7 D  

3 7  FORMAT (LHO. 2 x 1  b4HOOSE-PATE CQYVERSION FACTORS FOP IYYERSIOY I N  
2CONTAMI NATED WATERI 

WQI'E (21  r 3 8 t  
38 FORMAT (1H0, 5x9  TOHDOSE PATE AT e 3 O V  SUPFACE FOP W 4 l E Q  CONCEYTR4T 

 ON OF L ea PER cuelc rr i  
I ,  

. 

I 
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WQITE ( 2 1 1 3 4 1  
WRITE ( 2 1 1 3 5 8  
WRITE (21.368 

C 
C GROUNO SURFACE EXPOSURE 
C 

WRITE t 2 7 1  1 0 1  
WRITE (279391 

39 FORYAT (1HOc 2 x 9  79HOOSE-RATE C3YVERSION FACTOPS FOR EXPOSURE' 1 's 
ZABOVE CONTAMINATED GROUNO SURFACE J 

WRITE (279401 
40 FORMAT (?HO* 5x9 80HDOSE RATE AT B@OY SURFACE FOR GROUND-SURFACE, C 

. .  ZONCENTRATION OF 1 BO DE4 S0UAP.E C M I  
WRITE (27.34) 
WRITE ( 2 7 , 3 5 1  
WRITE ( 2 7 9 3 6 1  
I F  (NTYPE .NE. 0 )  GO TO 99 

. .  . 

. .  
C 
C ORGAN DOSE-FATE CONVERSION FACTORS F3R PHOTUP!S 
C 
C A I R  IMMERSION 
C 

7 WRITE 116r10) 
WRITE t 16941) 

41 FORMAT (1HOt 2x1  88HPHOTON DOSE-RATE COYVERSION FACTORS F9P Y A Q  IOU.  
2s OPGANS FOR I M M E Q S I O N  TN C 3 N I A q I Y A T E O  A I R 1  . .  

* ,  
WRITE ( 1 6 9 4 2 )  

WRITE (16143) 

WRITE (16944) 

H R I T E  ( 1 6 ~ 4 5 )  

, .  . .  
42 FORMAT (1H 1 5 x 1  26t41hl SV/YP. PER @ Q / ( C U B I C  CMB) 

43 FORMAT (1H01 92x1 5HUPPEQr 6 x 9  5HLOWER) 

44 FOQHAT (1H 1 6 1 x 1  5HSMALLe 6x9 S4LARGEt  6x1 SHLARGE) 

4 5  FORMAT ( 1 H  1 1x9 7YNUCLI@E.  4x9 SHHALF-LIFEI 3x9 BHADRER~LSI  4x1 

. .  . . - .  , -  

. .  2 ~HBLAODERI  5 x 9  ~ H ~ R A I N I  5x9 t H B T E A S f c  6x1 SHHEAR71 4x9 
3 SHINTESTINEI  2x9 9 H I N T E S f I N E v  2x9 9H!NTESTINE) 

WRITE (17r10 )  
WRITE ( 1 7 r 4 1 1  
WRITE ( 1 7 9 4 2 )  
WRITE ( l l r 4 6 )  

WRITE (17147) 

I . .  
46 FORMAT (LHOv 71x1 3HPED8 . 

47 FORMAT (1H  1 1 x 1  M N U C L I D E e  4x9 SHYALF-LIFE. 4x9 7HKrDNEYS.r 5x1 
2 5 H L l V E R v  6x1 5HLUYGS9 5x1 6HYAPRQWr 5 x 1  (iHMAPROW9 5x9 . IHOVARIESI  
3 3 x 9  8HPANCREASe 3x1 BHSKELETOY) . _ .  

WRITE ( 1 8 r  LO) 
WRITE ( 18941J 
WRITE ( 1 8 9 4 2 )  , , ~  I . . 
WRITE ( 18.601 

WRITE (18961) 
60 FORMAT (1HO1 103x9 SHTOTAL) 

61 FORMAT t l H  9 1 x 9  THNUCLIOEI 4x9 ~ H H A L F - L I F E I  5 x 1  4HSKINe 6X: 
2 6HSPLEENe 5x1 7HSTOMACH* 4x9 6YTESTESe 5 x 1  6HTHYMUSe 5x1 ' 

3 ~ H T H Y R U I O I  4x9 6MUTERUSe 6x1 4HBODY) 
8 

C 
C WATER IMMERSION 
C 

. .  WRITE ( 221 10) . .  
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WRITE ( 2 2 . 4 8 )  
48 FORMAT (IHO. 2 x 9  90HPHOTON DCSE-RATE CONVERSION FACTORS FOR VAR I O U  

2S ORGANS FOR IMMEPSION I N  CCNTAqINATEO WATER) 
WRITE ( 2 2 . 4 2 ) ,  
WRITE (22.438 
WRITE (22.44) 
WRITE t 2 2 1 4 5 )  
WRITE (23.10) 
WRITE (23.48) 
WRITE ( 23.421 
WRITE (23,461 
WRITE (23.411 
WRITE 24.10) 
WRITE ( 2 4 r 4 8 t  
WRITE ( 2 4 . 4 2 )  
W R I T E  ( 24.60 8 
WRITE (24.611 

C 
C GROUND SUWACE EXPOSUPE 
C 

WRITE (26r101 
WRITE t28949J 

49 FORMAT (1HO. 2 x 1  105HPHOTON DOSE-RATE CONVERSION FACTORS FOR V b R I r )  ' 

2US O P G A M  FOR EXPOSUQE 1 M PBCVE C@NTAHINATED GPOUYO SUUF4CE) 
WRITE t 2 B r 5 0 1  

WRITE (28.43) 
WRITE (28.44) 
WRITE (28.451 
WRITE ( 2 9 ~ 1 0 )  
WRITE ( 2 9 . 4 9 1  
WRITE (Rr50D 
W R I T E  (29.46) 
WRITE (29.471 
WRITE ( 3 0 r 1 0 )  
WRITE (20 .491 
WRITE (30.501 
WRITE (30r60J 
WRITE (30r611 
I F  ( N f Y P E  .NE. 01 GO TO 99 

50 FORMAT I1H 9 5x9 2 7 H I N  SV/YR PEP BP/ ISQUARE C M J I  

C 
C S K I N  DOSE-RATE CONVERSION FACTORS FYP ELECTRONS 
C 
C A I R  IMMERSION 
C 

8 WRITE t 19910) 
WRITE ( 19.51) 

51 FORMAT ( lHO, 2 x 1  BOHELECTRON DOSE-RATE CONVERSION FACTORS F O R  S K I N  
2 FOR IMMERSION I N  CONTAYINATED A I R )  

W R I T E  t 19.42) 
WRITE (19r521 

52 FORMAT (1HO. 37x1 BHFRONT OF9 9X. 1 1 H M I O P 9 I N T  OF. 9x1 7HRACK O F *  
2 8x1 l2HAVERAGE OVER. 8x1 8HDEPTH OF) 

WRITE t 19.53) 
53 FORMAT I 1 H . r  5x1 THNUCLIOEI 8x1 9 H H A L F L I F E e  9x9 ~ H D E R Y I S I  12x1 

2 6HDERMIS. 1 2 x 1  6HOEPMISv 1 2 x 1  6YDERMIS. 10x1 l O H 7 O  M I C R O Y S I )  
C 
C WATER IMHERSIOY 

. 
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W @  I T E *  t 25 r 10 1 
WRITE (251541 

54 FORMAT (LHOv 2x9 BZHELECTRON DOSE-RATE CONVERSIDM FACTORS FOP.  S K I Y  
2 FOP IMM€RSION I N  CONTAYINATED WLTERI 

WRITE ( 2 5 9 4 2 1  
WRITE ( 3 ~ 5 2 1  
WRITE ( 2 5 9 5 3 )  

C 
C GROUIJD SURFACE EXPOSURE 
C 

WRITE ( 3 1 t l O I  
WRITE (31r551 

55 FORMAT (1HO9 2x9 97HECECTRON DOSE-PATE CONVEPSION FLCTOQS FqR S K I N  
2 FOR EXPOSURE 1 M ABOVE CONTAMIYATEO W O U N C  SURFACE1 

WRITE ( ? l e 5 0 1  
WRITE t 31952) 
WRITE (31r531  
1s (NTYPE .NE. 0 )  GO TO 99 

C 
C S K I N  DOSE-RbTE CONVERSION F 4 t T O R S  F3P PHOTONSr ELECTPFNSe AND TOTAL 
C 
C A I R  IMMERSION 
C 

9 WRITE ( i O r 1 0 1  
WRITE (209651 

65 FORMAT (1HO9 2 x 9  7lHOOSE-RATE CDVVERSION FACTORS FOR S K I N  FOR I W E  
2 R S I O N  I N  CONTAYINATED 4 1 9 )  

WRITE ( 2 0 ~ 4 2 )  
WRITE ( 2 0 9 6 6 )  

66 FORMAT (1HO9 5 x 9  56HVALUES FOF ELECTRONS COPPESPOMO TO A DEPTH OF 
270 MICRCNSD 

WRITE t 20967) 
67 FORMAT (LHOr 5 x 9  ~HNUCLTDEI  8x9 Q H H A L F L I F E I  9x9 ~HPHOTONI  11x1 

2 BHELECTOONI 12x9 SHTOVALID 
C 
C WATER IMMERSION 
C 

WRITE ( 2 6 r l O I  
WRITE ( 2 6 9 6 8 1  

68 FORMAT (1H09 2 X 9  73HDnSE-RATE COYVEPSION FACTORS FOP. S K I Y  FllR I W E  
2RSION I h CONTAMINATED WhTER) 

WRITE (26942) 
WRITE ( 2 6 9 6 6 1  
W P I T E  ( Z 9 6 7 ,  

C 
C GROUND SURFACE EXPOSURE 
C 

WRITE L 329 101 
WRITE ( 3 2 1 6 9 1  

69 FORMAT (LHO. 2x9 BBHDOSE-RATE COYVERSION FACTORS FOR S K I N  FOR EXPO 
2SURE 1 M A M Y E  C 9 N t A M I N 4 l E D  GROUYO SURFACE) 

WRITE ( 329 501 
WRITE (329661 
U R I T E  t 329671 

93 RETURN 
END 
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C 
SUBROUTINE D A Y I N  ( N O U I T l  

C 
C QEADS INPUT DATA FOR EACH NUCLIDE 
C 
C NQUIT - & N  INOEX TO DETFC' END-?F-FILE FOLLCIWIPIG DATA FOP LAST NUCLIDE 
C = 0 I N I t I A L L Y  
C = 1 AT END-C!F-FILE 
C 

DIYENSICN EALF (25B FALF(251 r EPYAX(501r  EBAVG(5Olr  cBETA( 501 
2 EPMAX(2O)r E p A V G t 2 0 l r  F P O S ( 2 0 l r  E E L E C ( 1 2 5 l r  FELEC(L25Br 
3 EGAM(2OO)r FGAM(2OOI 

DIMENSICN I N U C L [ 2 l r  THALF(3J). N B F ( 5 l r  N P F t S l  
COMMON/ R L K l /  INUCLr THALF 
COMMON/ @LK2/ ATNO* NFBr NBFr NFPr NPF 
COMMON/ BLK3/  NBFTAr NPOSr FlELECr NGAH 
COMMON/ BLK4/  EBYAXr EB4VGr FBE'Ar EVHAXr EPAVGr FOOSr EELECr 

2 FELEC, EGAMr FGAY 
C 
C QADIONUCLIDE NAME9 HALF-LIFE* AVO ATOMIC NUYBER 
C 

READ ( 5 r 3 r E N 0 = 9 9 1  INUCLr THALFr ATNO 
3 FORMAT (2A4r  2X. 3A4r 3x1 F5.1B 

C 
C NUMBER CF ALPHA PARTICLES ( L I M I T  OF 201; ALPHA ENERGIES AND I N f E t l S ? V E S  4RE 
C READ IN, BUT ARE NOT USED I N  THE OqCGRAH 
C 

READ ( 5 9 4 1  VALF 

I F  (NALF .EO. 0 )  GC! TO 9 
4 FORMAT 17141 

C 
C ALPHA ENERGIES I N  MEV AND INTENSIT IES I N  QUYBEF PER DECAY 
C 

READ ( 5 r 6 l  (€ALP( J l r  FALF(J)r J = l r N A L F l  
6 FORMAT (6E11.41 

C 
C YUMBER OF BETA PARTICLES ( L I M I T  OF 5319 NUYBER OF FIRST-FOQBIDDEN UYIOUE 
C TRANSITIONS ( L I Y I T  OF Si), AVO INDEX FOR EACH FIRST-FORBIDDEN UNIQUE 
C TRANSITION 
C 

9 READ ( 5 9 4 )  NBETAr NFBr ( N B F t I l r  1 ~ 1 r N F B l  
IF [NSETA .EQ. 01 GO TO 5 

C 
C BETA ENDPOIh7 AND AVERAGE ENERGIES I Y  YEV AND INTENSIT IES I N  YUYBER PER DEC4V 
C 

C 
C NUMBER OF PCSITRONS ( L I M I T  OF 2019 YUMBER OF FIRST-FORBIDDEN UNIQUE 
C T R A N S I t I O M  ( L I M I T  OF 5 I r  AND INDEX FOP EACH FIRST-FDRBIDDEU UYIQUE 
C TRANSITION 
C 

READ ( 5  e6 I (EBMAX I J 1 9  EBAVGt JB r FBETAt J 1 9  J = l r N B E T A l  

5 READ ( 5 1 4 )  NPOSr N f P r  ( Y P F I I l r  I = L r N F P )  
I F  INPOS .EQ. 01 GO T f l  7 

C 
C POSITRON ENDPOINT AND AVERAGE ENEPGIES I N  'IEV AND INTENSIT IES I N  NUMBER PER 
C DECAY 
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C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

READ ( 5  9 6  I (EPRAX (J  I 9 EPAVGI  J I  r F P O S I  J l  J s l r  NPOSI 

N W B E R  OF AUGER AND I N T € I \ " J L  CONVERSIOY ELECTRONS ( L I Y I T  OF 1 2 5 )  

7 READ ( 5 . 4 )  NELEC 
1F I N E L E C  .EO. 01 GI? TO 8 

AUGER AND Ih'ERNAL CONVERSION ELECTR3N ENERGIES 1N MEV AND I N T E N S I T I E S  ? N  
NUN0ER PER DECAY 

READ ( 5  r6 I ( E E L E C t  J8 r F E L E C I  J t 9 J t l r N E L E C I  

NUMBER OF P W T O N S  I L I M I T  OF Z O O )  

8 R E A 0  ( 5 . 4 1  NGAM 
I F  (NGAM .Ea. 08 GO TI) 1. 

PHOTON ENERGIES I N  MEV AND I N T E N S I T I E S  I N  NUMBER PER OECAY 

READ I 5 r6 I I E G A H I  J) r F G A Y I  J I  r Jz1 r N G A Y I  
GO TO 1 

99 N Q U I T = l  
1 RETURN 

END 
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C 

C 
C WRITES INPUT DATA FOR EACH NUCLIDE 
C 

SUBROUTINE DATOUT 

OIMENSICN EBMAXtSOIr EBAVG(50)r  F B E T A t 5 0 l r  EPMAX(20l r  EPAVGtZO) 

DIMENSION I N U C L ( 2 l r  THALF(31 
COMMON/ B L K l /  INUCLr THALF 

COMMON/ BLK4/ EBHAXr EBAVGr FBETAr EPMAXr EPAVGr FPOSr EELEC. 

2 FPOStZO) r E E L E C ( l 2 5 D r  FELEC(1ZSI r  EGAM(200tr  FGAM(200t 

COMMON/ n L u /  NBETA. N P O S ~  NELE'* NGAY 

2 FELECr EGAMr FGAM 
C 
C MAXIMUM NUMBER O F  LINES PER PAGE FOP EACH TYPE OF DATA TABLE 
C 

C 

C 
C TEST FOR F IRST T IME THROUGH SUBROUTIVE 
C 

C 
C I N I T I A L I Z E  LINE COUNT FCR EACH TABLE; RESET LC!GICAL VARIABLE 
C 

DATA Y A M I D I 5 1 I r  YAXLSPISZ I  

LOGICAL F I R S T /  .TUUE*/ 

I F  (.NOT. F I R S T )  GO TO 9 

L I N I D = O  
L I NEET= 0 
L I NPOS= 0 
L I N E  L=O 
L INGAM=O 
F IQSf reFALSE.  

C 
C RADIONUCLIDE AND SPECTRAL 1DENTIFIC4TION 
C 

9 WRITE ( l O r l O t  INUCLr THALF. NBETAr NPOSr NELECr NGAY 
10 FORMAT (LH 9 4x1 2A4r 5 X r  3A4r 4 x 1  1 4 r  3(7Xr 1 4 1 1  

L I N I O t L  INIWL 

CALL PRINT ( 1 1  
L I N I D = O  

I F  ( L I N I D  .LT. MAXLID) GO TO 11 

11 I F  (NBETA *EO. 0 )  GO TO 1 2  
C 
C BETA-PARTICLE DATA 

. .  

C 
CALL OATLIN  (NBETAr EBMAX( l1r  E B A V G t l t r  F B E T A ( 1 I r  L INBETr  qAXLSPr 

2 1. 11. 2 )  
I F  (NEET4 .EO* 11 GO TO 1 2  
DO 15 J t 2  rNBE'A 
CALL O A R  I N  (NBETAI E8YAXt Jt E S P V G t J t r  FBETAt J l  r LINBETr M4XLS PI 

2 Jr l l r  2 8  
15 CONTINUE 
12 I F  (NPOS *EQ* O t  GO TO 18 

C 
C POSITRON DATA 
C 

CALL D A T L I N  (NPOSr EPMAX(1)e EPAIlGl I ) *  F P O S t l B r  L INPOSr r 4 X L S P r  1. 
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2 I 2 r  31 
I F  (NpOS .EO. 1) GO TO 18 
00 20 J s t r N P Q S  
CALL OATLIN INPOS, EPYAXIJI. EPAYGI J ) ,  F P O S I J I ~  LINPOS~ YaxLsPr  J *  

2 121 31 
2Q CONTINUE 
18 I F  (NELEC .EO. 0 )  GO TO 2 1  

C 
C AUGER AND INTERNAL CONVERSION ELECTRCN DATA 
C 

CALL D A T L I N  (NELECr E E L E C ( 1 I r  EELEC(1 ) r  FELECI 1 1 9  L I N E L r  YAXLSPr ' 

f F  ( N E C K  .EO. LI GO TO 2 1  
DO 24 JPZINELEC 
CALL OATLIN INELECr E E L E C I J I r  E E L E C I J I r  F E L E C I J I r  L I N E L r  YAXLSpr 

2 l r  139 4 )  

2 JI 13r 41 
24 CONTINUE 
21 I F  (NGAM .EO. OB GO T O  26 

C 
C PHOTON DATA 
C 

CALL OATLIN  (NGAMr EGAY(1 I r  E G A Y ( l I r  F G A M I l I r  LINCAYr YAXLSPI I r  

I F  (NGAM .EO. 1) GO TO 26 
00 28 Jx2rNGAY 
CALL DATL IN  INGAMr EGAMIJI r  €GAM( J I r  FGAHIJ I r  LINGAH. MAXLSPr J r  

2 14. 5 )  

2 14. 51 
28 CONTINUE 
26 RETURN 

E NO 
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C 
SUBROUTINE DATL IN  (NPARTr €SAX* EAVGr FINTI LINE, HAXLTN, NLINE r 

2 NPGINTI NTYPEI 
C 
C WRITES EACH L I N F  OF BETA-OARTICLEI PDSITR91r  AUGER AND INTERNAL CONVESSIOY 
C ECECTPON, OR PHOTON DATA 
C 
C NPART - NUMBEP OF SPECTRAL L INES 3F PAPTICULAR RADIATION TYPE 
C EMAX - ENCPOIMT ENERGY OF PARTICULAR SPECTRAL L I N E  
C EAVG - AVWAGE ENERGY OF PPRTICULAR SPECTRAL L I N E  
C F I N 1  - INTENSITY OF PARTICULAR SPECTPAL L I N E  
C L I V E  - L I h E  CWNT FOR DATA TABLE FCR OARTICULAP SPECTPAL L I N E  
C MAXLIN - MAXIMUY L I N E  COUNT FOP DATA TABLE FOR PARTICULAP R l D l A T I W  TYPE 
C NL INE - lhOEX FOR SPECTQAL L I N E  OF PARTICULAR P.AO1ATION TYPE 
C NPRINT - CUTPUT DEVICE VUHBER 
C NTYPE - I W E X  FQR RADIATION TYPE (SEE SUBROUTINE P Q I N T  FnR L I f T I N C I  
C 

DIMENSICN IYUCL(Z1r  THALF(31 
COMMON/ B L K l /  INUCLI THALF 

C 
C TEST FOP F I R S T  SPECTRAL L I N E  OF PARTICULAR RADIATION TYPE 
C 

C 
C WRITE F I R S T  SPECTRAL L I N E  
C 
C TEST FOR CONTINUOUS OR DISCRETE RADIATION 
C 

C 
C BETA-PARTICLE 00 POSITRON DATA 
C 

I F  ( N L I K E  .YE. 11 GO TO 1 

I F  (EMAX .EO. EAVGI GO TO 2 

WRITE (NPRINT.31 INUCL, THALFr EMAXr EAVGr F I N T  
3 FORMAT ( IHOr  4x9  2A4, 5x9 3 A 4 r  7x1  2(F7.C* 9 X J r  F8.51 

G O  TO 4 
C 
C AUGEQ AND INTERNAL CONVERSION ELECTPON OR PHOTON DATA 
C 

2 WRITE (hPRIN1,SI  INUCCr THACFr EYAXI F I N 1  
5 FORMAT (1M0,  4 X v  ZA49 5 x 1  3A4r 7x1 F7.4, 9x1 F8.51 
4 LINE=LIhF+2 

GO TO 6 
C 
C WRITE SEC9NC AND SUBSEQUENT SPECTRAL L I N E S  USING SAME PROCEDURE AS ABOVE 
C 

1 IF (EMAX ,EO. EAVG1 GO TO 7 
WRITE (h’RINTr81 EMAX, EAVGr FI’IT 

8 FORMAT (1H 9 36x9  2tF7.4,  9x19 F8.51 

7 WRITE ( N P R I N T r l O I  EMAXr FINT 
GO 10 9 

10 FORMAT (1H I 36x1 F7.4r 9x1  F8.5) 
9 L I W E = L I H E t l  

C 
C TEST FOP ENC DF PAGE 
C 

6 I F  ( L I N E  MAXCINB GO TO 11 
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C 
C WRITE TA6LE HEADINGS ON NEW PdGE AND S K I P  A L I N E  AFTER HEAOIVGS 
C 

CALL PRINT (NTYPEt 
L INE=O 
I F  (NLIM .EO. 1 .AND. NPART .YE. 1) WRITE ( Y P R I N T r 1 3 )  

?F (NLIM .NE. 1 .AND. NLINE .NE. NPARTI WP1TE ( N P R I N T r 1 3 1  
U FORMAT (1H I 

11 RETURN 
END 
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C 

C 
C CALCULATES m S E - R A I E  CONVERSION FACTZRS FOR EXTEP.NAL EXPOSUQE T l l  PHOTONS AN0 
C ELECTRONS 

SUBROUTINE CALC 

C 
O I M E N S I O N  EBMAX(5O)e E B A V G ( 5 O ) r  F B E T A ( 5 O I  9 E P M A X ( 2 O l r  E P A V G ( 2 O l  1 

D I M E N S I O N  Y B F ( 5 ) r  N P F ( 5 b  
O I M E N S I C N  E R 1 2 5 l r  F M U E 4 R ( 2 5 B r  FYUEWR(25)r F M U E T R ( 2 5 I r  F Y U I R ( 2 5 B  9 

2 F P O S 1 2 0 1 9  EELEC( 12519 F E L E C ( l 2 5 )  9 E G A M ( 2 0 0 1 r  FGAM(2OO) 

2 S P A R ( 2 5 ) r  S P W P ( 2 5 ) r  S P T R ( 2 5 t r  R Y A R ( 2 5 l r  R N T P ( Z 5 b r  C A R ( I 5 t r  
3 O A R ( 2 5 1  

D I M E N S I C N  E A R I B ) .  A L P H A 9 ( 8 b *  E A R L ( B I 9  Z S K N ( 4 l r  R S K N ( 4 ) r  R 4 ( 4 ) 9  

D I M E N S I C N  G T A U ( 2 5 I 9  G T W Q ( 2 5 l r  8 T A R t 2 5 ) e  B T W R ( 2 5 I  
D I M E N S I  CN EBSR( 1201 1 9  RTAP (0001 1 RTWR (600) 9 A L S ( 6 0 0 ) r  F I E ( 6 0 0 )  
D I Y E N S  ION SGAORG(24 1 9  SGWORG (24) 9 SGGOPGt 24) 1 SBASKNf 4) 9 

0 I MENS I CN GF AC ( 4 * 600 1 9 OQGF AC ( 24 
D I Y E N S I a V  O O S E ( 9 ) r  D O S O R G ( 3 r 2 4 t r  O O S O R 6 1 3 r 5 b r  OOSSKN(3)  
COMMON/ B L K 2 /  ATNOI N F 6 9  NBFI NFPv NPF 
COMMON/ B L G /  NBETAI NPOSI NELECr  NGAY ~ 

COMMON/ B L K I /  EBHAX9 EBAVGI F B E T A r  EPYAXI EPAVG. FPOSI EELECI 

COMMON/ B L K 5 /  DOSE9 DOSORGv DOSORBt DOSSKN 

2 E M A W ( 4 l r  E M G P ( 4 l r  C P Y ( 6 t  

2 SBWSKN (4 1 9 SBGSKNt 4) 

2 FELECI €GAM* FGAY 

DOUBLE P R E C I S I O N  E l  
C 
C ENEQGIES FOR REFESFNCE VbLUES OF PHPTON ENEP.GY-ABS0PPtION C O E F F I C I E N T S 9  
C ATTEh(UA710N C O E F F I C I E N T S *  B U I L D U P  FACTOR PARAMETERS* &NO ORGAN 00SE-RATE 
C FACTORS: 4ND ELECTRf lN STOPPING POWERS AND RANGES-VALUES I N  YEV 
C 

DATA ER/  0.010. 0.0159 0.0201 0.0309 0.0409 0.0501 
2 0.0b01 0.0809 0.100~ 0.150r 0 .2009 0.3009 0.4001 
3 0.500r 0.6001 0.8009 1.09 1.5. 2.09 3.09 
4 4-01 5.09 6.01 8 . 0 ,  l O . O /  

C 
C REFERENCE VALUES OF PHOTON Y 4 S S  EYE?GY-ABSORCTION C O E F F I C I E N T S  I N  A I R  I N  
C (SOUAPE CW)/G 
C 

DATA FML'EAR/ 4.611 1.279 0.5111 0.148. 0.0668. 0.04069 
2 0.0359 0.02439 0.02341 0.0250r 0.02689 0.02819 0.02959 
3 0.02961 0 . 0 2 9 5 1  0.02899 0.0278r 0.02549 0.02309 0 . 0 2 0 5 1  
4 0.01869 0.0174r 0.0164r 0.01521 0.0145/ 

C 
C REFEQENCE V N U E S  OF PHOTOW MASS ENEOGY-ABSORPTION C 9 E F F I C I E N T S  I N  WaTER I N  
C (SOUAPE CW)/G 
C 

OATA FMUEWR/ 4.199 1.289 0.512* 0.1499 0.06779 O . O Q 1 8 9  
2 0.0220* 0.02621 0.025tr 0.0217r 0.02919 0.03199 0.0328. 
3 0.03309 0.03299 0 . 0 3 2 1 r  0.03091 0 . 0 2 8 2 9  0.02609 0 . 0 2 2 7 r  
4 0.02069 0.01911 0.0180e 0.01669 0.0157/ 

C 
C REFERENCE V d l U E S  OF PHOTON M A S S  ENEQSY-A6SORPTIOM C O E F F I C I E N T S  IY T I S S U E  
C (MUSCLE) I N  (SOUAPE W l / G  
C 

OATA FMMfQ/ 4.879 1.321 0.5339 0.1549 D . 0 7 O l r  0.0431r 



2 0.03289 0.02641 0.02569 0 . 0 2 7 5 ~  0.02949 0.03179 0.03259 
3 0.03289 0.0325. 0.03189 0 . 0 3 0 8 ~  0.02829 0.02599 0.0226* 
4 0.02039 0.01889 0.01789 0.01639 0 .0154/  

C 
C REFERENCE VdLUES OF PHOTON MASS ATTENUATI !34  C O E F F I C I E N T S  I N  A I R  I N  ! 

C (SQUARE CMt /G 
C 

D d T A  FMUAR/ 4.999 1 .55 .  D.752r 0.3499 0. '2489* 0 .20& 
2 0.1889 0.1679 0 . 1 5 4 ~  0 .136,  0 . 1 2 3 ~  . 0.1019 0.09549 
3 0.08709 0.08059 0.07Olr 0.06369 0.0518r 0.04459 0.03589 
4 0.0308t 0.02759 0.02529 0.02239 0 .0204/  

C 
C REFERENCE VALUES OF PHOTON TISSUE-TO-AIR DOSE R A T I O  F O R .  IMMERSrON I N  
C CONTAMINATED A I R ;  VALUES ARE R A T 1 3  OF MASS ENEPGY-ABSORPTIOY C O E F F I C I E Y T S  
C AVERAGE0 CVER SPECTRUM OF PHOTONS I N  A I R  FROM MONOENERGETIC SOURCES AND APE 
C O B T A I N E D  FROM FIG.6 OF DILLMAN. HEALTH P H Y S I C S  279 5 7 1 . ( 1 9 7 4 1 .  ' 

C . . .  
DATA GTAR/ 0.9549 0.9549 0.9569 0.9619 0.9739 0.3859 

2 0 . $ 9 8 ~  1.018r 1.0329 1 . 0 5 4 ~  1.0669 1;0789 1.0859. 
3 1.0899 1.0919 1.094r 1.0969 1 . 0 9 9 9 .  1.100~ 1.098.. 
4 1.0949 1.090. 1.0859 1 . 0 7 6 ~  1.067/ .. 

C 
C REFEQENCE VALUES OF ELECTQON MASS S T J P P I N G  POWERS I N  ,419 . I N  (YEV-SOUARE C Y l / S  
C ,. . 

DATA SPAR/ 19.79 14.49 1 1 . 6 ,  80489 '6 .849  5.819 
2 5.11. 4.209 3.639 2.869 2.479 * '2 .099 1.919 

1.81. 1.75. 1.709 1-68, 1.689 1.711 1.799 3 
. 4  1 .a59 1.919 1.979 2.079 2 .16 /  . .  . .  

_ .  C '  
C REFERENCE V I L U E S  OF ELECTRON M A S S  S T 3 P P I N G  POWERS I N  WATE:R I N  
C (WEV-SQUARE CWbIG 
C 

DATA S P W /  ' 23-29 16-99 13-59 9.889 7.969 6.159 
2 5 - 9 2 ,  4.869 6 . 2 0 1  3.309 2.859 2.409 2.199 
3 2.079 2.009 1.939 1.899 1.889 1.899 1.939 
4 1 .97 ,  2.019 2.059 2.129 2.181 

c: 
C REFERENCE VALUES OF ELECTRON MASS STOOPIMG POWERS I N  T I S S U E  (MUSCLE1 . I N  , 

C (YEV-SQUARE CWI/G 
C , . * '  . .  . 

DATA S P l R /  22.99 1 6 - 7 9  13.49 9.779 7 -86 ,  6.0 1 9  

2 . .  . 5.869' 4.809 4 . 1 5 9  3.279 . 2.829 2.038; . 2.179 
3 2.059 1.989 1.929 1 .89 .  1.899 1.929 ' , 1.999 
4 2.069 2.139 2.189 2.289 2.371 

c . '  . . !: a. 

C REFERENCE VALUES OF ELECTRON RANGES I N  A I R  I N  G/(SOUAPE CMt  :.' . 
C 

DAT,A RNAR/ 2.89E-49 5.90E-49 9.8lE-49 2.01E-39 3.33E-39 :4.92E-39 
2 , 6 . 7 6 F 3 r  0.01119 0.01639 0.03209 0 . 0 5 0 9 r -  3 . 0 9 5 4 . .  0 . 1 4 6 9 ,  

0 .200,  0.2569 0 .372e-  '0 .491r  0.7899 ?.081.  * 1066r  3 
4 2 . 2 1 9  2.749 3.259 4 . 2 4 ~  5.191: . . a  . A  

- .  

C 
C REFERENCE VALUES O F  ELECTRON QANGES I N  T I S S U E  I N  G/(SOUARE CMI .' 
C ' ::. 

DATA RNTR/ 2.47E-49 5006E-4, 8.44E-49 1.73E-39 2.88E-3. 4.27E-3. 
2 5.87E-39 9.-67E-39 0.01429 0.02799 0.04459 0.08369 0.1289 
3 0.1759 0.2259 0.3289 0.433r 0.6989 0.9609 1.47. 
4 1.969 2.449 2.919 3.809 4.661 
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C 
C REFERENCE V4CUES OF: BERGER C AND 0 C3EFFICIENTS FOR PHOTON EYEPGY-4BSORPTIVU 
C BUILDUP FPCTORS I N  AIP 
C 

DATA CAR/ 0.03309 0.1321 0.330r 1.129 2.319 3.469 
2 4 - 2 0 '  4.469 4.159 3.259 2.709 2.199 1.879 
3 1.689 1.539 1.349 1 - 2 1 '  0.9951 0.8389 0.6879 
4 0.602r 0.5469 0.508,  0.4579 0.4261 

DATA D A W  -0.06809 -0.0693, -0.0607' -0.02309 O.O28&9 0.07439 
2 0.1089 0.1519 0.168' 0.1781 0.172' 0 0 1 4 2 1  0.1259 
3 0.1069 0.0946' 0.07459 0.06041 0.0373r 0.02429 0.01009 
4 0.00329 -0.00129 -0.00299 -0.00359 -000033/ 

C 
C ENERGIES FOR REFEQENCE VALUES OF SCALING PARAMETER 'ALPHA' F3R A I R  IVWERSIOV 
C 

DATA EAR/ 0.0109 0.0209 0.0509 O s ? O O *  0 . 2 0 0 ~  0.5009 1-01 
2 2.01 

C 
C REFEREWE VALUES OF ELECTRON SCALING PARAMETER 'ALPHA' FOR A I R  IMMERSION 
C 

DATA A L W A R I  1.0229 1.0189 1.0189 1.018r l.Ol7r ? e 0 1 8 9  1 .009~ 
2 0 -9921 

C 
C FACTOR TO CCNVEPT ABSORBED ENERGY I Y  MEV TO D9SE-EQUIVALENT I N  SV I N  
C tG-SVD/MEV 
C NUMBER OF SECOYOS PER YFAQ 
C 

C 
C DENSITY OF fXY AIR AT 2 0  DEG C AND 7 5 0  MM PRESSUPE I N  G/(CUBIC C M l  
C OENSITY OF LATER A T  20 DEG C I N  G/(CUBIC CY) 
C HEIGHT OF REFEPEYCE P n S I T I O N  FOP GROUND SUFFACE EXPOSURE I N  C Y  
C 

C 
C DISTANCES FROM BODY SURFACE T O  FRrJNTs Y I D P @ I N T r  AND BACK OF D E R M I S  aND Tr) 
C C Q I f I C A L  LAYEQ rJF S K I N  I N  C M  
C DENSITY OF SKIN TISSUE I N  G/(CU@IC C M )  
C 

C 
C PAQTICLE-MECIUH DOSE-QbTE CORQECTION F4C'ORS; OnOER IS PHOTON DOSE-RATE 
C CORRECTION FACTOR FOQ A I R  IMHERSIOYI WLITER IHHERSIClN9 AN0 GROUND SURFACE 
C EXPOSURE9 AND ELECTPON DOSE-RATE t3PRECTION FACTOR FOR THPEE EXPOSURF MODES 
C 

C 

C 
C TEST FOP F IRST T I M E  THROUGH SUBROUTINE 
C 

C 
C CALCULATE REFEPEYCE VALUES OF RATICJS M PHOTON M I S S  ENERGY-ABSORPTIIPI 
C COEFFIClENTS I V  TISSUE TO VALUES I Y  WA'EP Ah30 ELECTRON MASS STOPPIYG P3dEQS 
C I N  TISSUE T O  V4LUES I N  A I R  AND WATER AT ENERGIES GIVEN BY V ILUES c)F ER 
C 

DATA F K e  FS/ 1.60206E-109 3.1536€+07/ 

DATA RHCAr P.HOW9 21 1.189E-03r 0.99823, 100.01 

DATA ZSWr RHOSK1 5.OE-039 0.06759 0.1309 7.OE-03' 1.121 

DATA CPW 0 .59  2*1.09 3*0.5/ 

LOGICAL FIRST! .TPUE./ 

I F  t .NOT. F I R S T )  GO T3 19 

DO 20 1 4 . 2 5  
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G T W R ( I ) ~ M U E T R ( I ) / F ~ U E W R ( I )  
9 TAR 1 I 1 4 PTo ( I 8 /S PAR ( I I 
BTWRt I J =SPTF( I J/SpWR ( 1  1 

20 C O N T I N U E  
C 
C CALCULATE CONSTANT FACTOR I N  D@SE-RATE C O W E R S I @ N  F A C T 0 9  EQUATIONS 
C 

C 
C CALCULATE HEIGHT O F  REFERENCE P O S I T I O N  FOR GROUND SURFACE FXPqSURE I N  
C G/(SQUARE C Y )  
C 

C 
C CALCULATE DISTANCES FPOM BODY SUPFACE TO F P O N f r  MIDPOINTI  AND BACK 9F D E 9 4 1 S  
C AND T F  C R I T I C A L  LAYER OF S K I N  I N  t / ( S O U A P E  C H I  
C 

FAC l = F K * F  S 

R=RHOA* Z 

DO 60 I s l e 4  
R S K N f  11=RROSK*ZSKN( I  I 

60 C O N T I N U E  
C 
C CALCULATE MINIMUM ELFCTPOY EYERGIES C O N T R I B U T I N G  TO DOSE-RATE F4CTqRS FrJ9 
C O I F F E R E N T  EXPOSURE MODES 
C 
C A I R  AND WAtER I Y M E P S I O N  - FROYTI Y I D P O I N T r  AM)  BACK OF D E R r I S  AND C R I T I C A L  
C LAYER O F  S K I N  
C 

DO 61 1 ~ 1 1 4  
E M A W ( I J ~ I N f E R ( R S K N ( I 1 r  RNTRr  ERr O r  3r 251 

61  C O N T I N U E  
C 
C GROUYD-SURFACE EXPOSUPE: CALCULATTCNS FOR S K I N  ASSUME THAT T H I C K N E S S  OF 
C T I S S U E  IS REPLACED @Y EQUIVALENT THICKNESS OF 4IR - ORDER OF C A L C U L 4 T I O Y t  
C IS BOOY SUSFACEI FPONTr R I D P O I N T r  AND BACK OF F E F Y I S r  AND C R I T I C A L  L 4 Y E 4  
C OF S K I N  
C 

EMGRS=YINTEP(R, R N A P r  E R r  01 3r 258 
DO 62 I = l 1 4  

E M G R ( I D ~ I N T E R ( R A ( 1 I r  Q Y A P r  E o *  3 r  3 r  251 
R A ( I l = R t R S K N ( I B * 1 . 1 4  

62 CONTINUE 
C 
C D E F I N E  ENERGIES FDF CALCULATING SPEZTFUM FOR BETA P A R T I C L E  OR POSITR0N--V4LUES 
C ARE EVERY 10 KEV FROM 0 TO 12 MEV 
C $ 

E B S O t  1) 4 . 0  
DO 39 I =2r1201  
EBSP ( 11 =EBSP ( 1-11 *0.010 

39 C O N T I N U E  
C 
C A T  ENERGIES G I V E N  BY ALTERNATE VALUES OF EBSRr  CALCULATE R A T I r l S  OF ELECTSgN 
C MASS STOPPING P’IUFR I N  T I S S U E  T3 VALUES I N  A I R  AND WATER* V A L U E . O F  ELECTQOY 
C S C A L I N G  PAP AMETEP ‘ALPHA’ r AND G E n Y E f R I C A L  REDUCTION FACTORS FOR ELECTR@N 
C DOSE-PATE CONVERSION FACTr lQS FOR FPONTr  MIDPOIP!TI AND BACK OF D E R W S  F!YQ A I S  
C AVO WATER IMMERSION 
C 
C CALCULATE LOGARITHM OF REFERENCE EUEPGIES FOP E L E C t P U Y  S C A L I Y G  PARAMETER 
C 

. .  
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C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 

- . .  DO 63 I = l 1 8  
E A R L (  I 1 4  LOG t E AR ( I I 1 

63 C O N T I N U E  

K = J / 2  
DO 64 J ~ 2 r l 2 0 0 1 2  

C t L C U L A T E  P A T I O S  OF ELECTRON MASS S T O P o f N G  POUER I N  T I S S U E  TO VALUES I Y  413 
AND WATER 

R T A P ( K b ~ Y I N T E R l E B S ~ ( J ( .  €Re 81451 0 ,  3 ,  2 5 )  
R T W R ( K ) ~ I N T E 9 ( E B S P ( J I r  €PI BTWRI 01 31 2 5 )  

CALCULATE ELECTRON S C A L I N G  PAPAMETER * A L P H A *  

A L R ( K b = V I Y T E R ( A L @ G ( F 0 S Q ( J ~ ) ,  EARL, ALPHAPI 01 31 8 )  

CALCULATE ELECTRON GEOYETRTCAL R E D U C T I 3 N  FACTORS FOP FPONTI Y I D P O  IYTI  AND 

66 
65 
66 

C 

BACK OF DERMIS AND C R I T I C A L  L4YER IF S K f N  F P  AIR AMC WATED I ' I Y E R S I O Y ;  
QESET L C G I C A L  V A R I A B L F  

DO 65  1x114 
I F  ( E B S R t J )  oGEo E H A W ( I I 1  GO TO 66 
GFAC( 11 K1nO.O 

GFAC( I rKb=G(SSKN( 111 RNtR, E B S R ( J 1 b  
GO TO 6 5  

C O N T I  V U  E 
CON1 I YUE 
F I m S T r o  FALSE. 

C I N I T !  ALIZE SUMMAT!ON V P N t  I N  DOSE-RATE CONVERSION FACTOR FOUATIOYS 
C 
C 
C 
C 

c 
C 
C 

C 
C 
c 

C 
C 
C 

PHOTON BOCY-SURFACE D@SE-RATE FPOY A I R  IHYEQSIOIJI WbTER IMYFRSIDV. AND 
GROUND SURFACE EXPOSUPE 

19 S G A z O o O  
S G W O  -0 
SGGpO.0 

ELECTRON eODY-SURFACE D 3 S E - R A f E  FOP THREE EXPOSURE MODES 

SBAaO 00 
s3u=o.o 
S0GuD.O 

PHOTON ORGAN DOSE-RATE FClR THPEE EXPOSUSE MODES 

DO 1 Jslr  24 
5GAOR Gt Jl=O.O 
SGWFRGI Jb ~ 0 . 0  
SGGORGt J ) = O o O  

1 C O N T I N U E  

ELECTRON S K I N  DOSE-RATE FOR THPEE EXPOSUPE MODES 

00 38 Jp114 
S BASKN 4 J) SO. 0 
SBWSKNt J)=O.O 
f B G S K N (  Jb=O.O 
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38 C O N T I N U E  * 

I F  (NGAM oEQo 01 GO TO 2 
C 
C CALCULLITE S W M A T I O N  TERMS I N  PHOTON DOSE-RATE COFJVERSION FACTOR E Q U A T I O N S  
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
r, 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

. .  DO 3 I S l r N G A W  

CALCULATE a A T r o s  OF M A S S  ENERGY-ABSORPTICN COEFFICIENTS IN TISSUE t r j  VALUES 

. %  

I N  A I R  IND,WATER 

R T A = Y I N T E R ( E G A M ( l & *  ER;' GTAP.: 0, 3; 2 5 1  . 
. .  R T W ~ Y I N T E R ( E G A M ( I P r  €PI GTURI 01 31 251 

C A L C U L A T E  MASS ENERGY A B S O R P T I O N ' A Y O  MASS A T ? E N U A T I @ N  C O E F F I C I E N T S  IN A I R  !Y 
t SQUARE C Y I / G  . ,  

f M A $ Y I N T E R ( E G A M ( I l ;  E R I  FMUEARI 01 31 25 )  . .  
. ? . '  

, .  .. . f Y A L ~ Y I N T E R ( E G A Y ( I 1 r  ER, FMUARI 3 .  39 251 

CALCULATE BEQGER eunwp FACTOR CJEFFICIENTS c AND o IN AIR 
I F  (€GAM(!) .GI .  E R t l i I  GO TO 15 , _  

U S E  L!NEAR I Y T E R C O L A T I O N  FOP C C 3 E F F I C I E N T  FOR E N E R G I E S  L E S S  T H I N  10 YEV 

C A=i.EGA C( I J/ER( 1 I )+CAP ( 1 8  
GO TO. 16  

15 C 4 = Y ! N T E R ~ E G A H t I l r  ER. CAP, 0 ,  3. 251 0 .  

. .  
16 O A = Y I N T R \ ( E G A M ~ I l r  ERI OAR* 0 ,  3. 251  . .  

CALCULATE a A T r o s  OF ORGAN DOSE RATE TO DOSE RATE r N  AIR FOR AIR r n w u s r w  
.. . - 

00 4 .  Ko 11'24 
O R G F A C ( K I = F A C ( K r  E G A M t I  1 )  

4 C O N T I N U E  

CALCULATE SUMMATION TERMS 

. .  T S = F G A M l I  I *EGAMt !  I 

A I R  I M M E R S I O N  FOR BODY SURFACE 

SG A= SG A +T S*RT A . .  

WATER I W E R S I O N  F@R BODY SURFACE 

SGW=SGW*TS*QTW 

GROUND SURFACE EXPOSURE I N  A I P  AND FOR BODY SURFACE 
. *  

TGAmFWA*( E l ( D B L E ( F M A L 1 *  D B L E l R l  B - t C A / t D A - l o O 1  B*EXP( tDA- l .O I *FMAL*  
2 R B I  

T G  S= TG A*R T A 
SGG=SGG *T S*TGS 

THREE EXPOSURE MODES FOR ORGANS 

DO 5 Kt1124 
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SGAORGt UIPSGAORG(KD~TS*~RGFAC(KI 
SGm)RG( UI=SGWORG( K I  * T ~ * O R G F A C ( K ) * R f W / R T A  
SGGORGt KD=SGGORG( K l  *TS*fGA*ORGFAC (K 1 

5 C U N T I N U E  
3 C O N T I N U E  

C 
C CALCULATE PHDTON DOSE-PATE CONVERSION FACTORS FOR THREE EXPOSURE Y F M S  
C 
C BODY S U R F I C E  
C 

2 DOSE ( 11 <PH( 1 ) *FACl*SG4/SHOA 
D O S E ( 2 t  r r t W ( Z I * F A C l * S G W / P H O W  
D O S E ( 3 I  r0 o W C P M ( 3  ) *FACl*SGG 

C 
C OQGANS 
C 

DO 6 K = 1 * 2 4  
DOSORG( I r K l 4 P M t  1 )*FACl*SGAORGtK)  /RMOA 
DOSORG( 21 K I p C  PH( 2 )*FACl*SGWORG (KD /RHO H 
DOSORGt 3 s  K I m O  5*CPH( 3 B*fAC1* SGGCRGt K l  

6 C O N T I N U E  
C 
C CALCULATE S W W A T I O N  TERMS I Y  ELECTR3V DOSE-RATE CONVEPSION FACTOR E O U A T I 3 Y S  
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 

I F  (NBETA .EO. 0 )  GO TO 7 

BETA-PART ICLES ' DO 8 I =  LvNBETA 

A I R  IMMERSION AND WATEP I M M E R S I O Y  FOR BODY SUPFACE 

CALCULATE R A T I D S  Of MASS STOPPING P'JWERS I N  T I S S U E  TO VALUES I N  A I R  4N9 
W A T f n  

Q T A ~ Y I N T E R ( E B A V G ( I # r  EPr B'ARr 01 3 r  251 
R T W t Y I N T E R ( E B A V G ( I 1 r  ESr R1WP.r O r  3 r  25) 

CALCULATE SUYWATIOW TERMS 

TS=FBETAt  I I * E B A V G ( I  I 
SBA=SBA+TS*PTA 
S BU= S 6 W 4 1  S U  T W 
I F  ( E B M b X t I )  o L T o  AWINl (EMGRSr  EMAW( lBB8 GO TO 8 

C ALCU L ATE 9ET A-P AR T I CL E S 9  EC TP UY 

SET INDEX FOR ALLOWED B E T A  T R P Y S I T I O Y  

NCD= 1 

T E S T  FOR F I R S T - F O P B I D D E N  UNIQUE T R A N S I T I O N  AND P E S E T  I N O E X  

I F  ( N F B  o E Q o  OD GO TO 24 
DO 25 JslrNFB 
I f  (1  .hEo N B f ( J ) #  GO TO 25 
NCDS-1 
GO TO 2 4  
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25 
C 
C 
C 

C 
C 
C 
C 

25 

C 
C 
C 
C 
C 

26 
C 
C 
C 

C 
C 
C 
C 

23 

C 
C 
C 

29 
C 
C 
C 

2 8  
C 

CONTINUE 

CALCULATE SPECTQUM 

CALL BSPEC ( E B M A X t I l e  

CALCULATE RATIOS OF MASS STOPPING POWERS I N  TISSUE TO V U U E S  IN..AIR AYD 
WATER FOR ENERGY INTERVAL CONTA I N  ING ENDPOINT EYERGY 

R T A ~ Y I N T E R ( E Y I D I  ERI BTARt 01 3 9  2 5 )  
RTW=YINTER(EMID* ER* BTWRI 01 3r 2 5 1  
I F  ( E B M A X ( I l  o L f .  EMGRS) GO TO 23 

GROUND SURFACE EXPOSURE FOR BODY SURFACE 

CONTRIBUTIONS FROM ENERGY INTEPVALS CENTERED AT ALTERNATE VALU€S OF ESSQ 
. .  .. - .' DO 26 J s 2  I JSPECt2 . 

I F  ( E B S R t J l  o L 1 0  EMGRSl GO TO 26 : . .  
K=J /2  . .  , . .  
CALL BGRNO ( E B S R ( J l r  RNARI RI RAVGEI E I N T l  ; . * . '  
TG=F I E (  K l  *EBSR ( J l  *RT AR ( K l  *E INTIRANGE 
SBG=SBGtTG 
CONTI NU E 

. .  

* ,  
CONTRIBUTION FROM ENERGY INTERVAL CONTAINING ENDPOINT EGERGY . . 

CALL BGRND (EMID* RNAR. Re RANGE* E I N T I  
TG-FI  E t  K+ 11*EHID~RTA*E1NT/RANGE I 

SBG=SBG+TG 

A I R  fMMERSION AND WATER IMYERS1I)Y FOR FRONT, MIDPOINT* AND 8ACK 0;: DERMIS 
. .  AND C R I T I C A L  LAYER @F SKIN . : ; 

. .  
DO 28 C = l * +  

* . .  I F  (EBMbXtID o L f .  E M A W t L l l  GO TO 28 -' . 

CONTRIBUTIONS FROM ENERGY IYTERVALS CENTERED AT ALT€RNAkE'.V'ALUES !IF E09R 
. . .  > 

DO 29 J a Z r J S P E C r 2  
I F  (EBSRtJB .CT. EMAW(L l l  GO T O  29 . . .  
K=J f2  .- . , 

T A P F I E ( K B * E B S R ( J ) * R T A R ( K ~ * G F A C ( L I K ) / A C R ( U ~  .'." , , 

TWIF 1E t  KB*ESSR( J l *RTWQ(Kl*GFAC(L*Kl  ~ . .. 
SBASKN(LJ=SBASKNt L1+T4  
SBWSKNt L l  =SBWSKN( LJ+TW 
CONTI NU E 

I . . ' ,  

CONTRIBUTION FPOM ENERGY INTERVAL' CDNTAINING ENDPOINT ENERGY 

ALENDPY INTER( 'ALOGtEMIO1~ EARL* ALPHARI 01 3r 8 1  
- .  .. 1 I , . .  GEND=G( RSKN~LI RwaI ENOI . 

TA=FIE(  K*11*EMID*RTA~GEND/ALENO 
TW=F I E( K* 1 W E Y I  D*RTW*GEND 
SBASKNt L l  =SBASKN( L l  *TA . .  , 

SBWSKN( L I  =SBWSKN( L l  +TU 
CONTINUE . .  
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C 
C 
C 

C 
C 
C 

46 
C 
C 
C 

43 
8 
7 

C 

GROUNO SURFACE EXPOSURE FOP FRONT, MIDPOINT* AN0 BACK OF DERMIS AN0 
C R I T I C A L  L4YER OF S K I N  

00 43 L s l . 4  
I F  tEBMA%( I I  oLT. EMGRtLBB GO TO 43 

CONTRIBUTIONS FROM ENERGY INTERVALS CENTERED AT ALTERNATE VALUES OF E0SR 

00 44 JP~~JSPECIZ  
I F  (EBSR(JB oLT. EMGn(LBB GO TO 44  

CALL BGWO ( E B S P t J B r  RNARI RA(L19 RANGE, E I N T 1  
K = J / 2  

TG.rF !Et KJ*EBSR( J l *RTAR(K I  *EINT/RINGE 
SBGSKNt L)=SBGSKN( L)+TG 
C ONTI NU E 

CONTRIBUTION FROM ENERGY INTERVAL CIINTAINING ENDPOINT ENERGY 

CALL BGRNO ( E Y I O e  RN4S9 Q A t L B r  RANGE, EINTB 
T C I F I E t  K,lB*EMlO*aTA*C1YT/RANGE 
SBGSKNt 1) =SBGSKN(LI *TG 
CONTINUE 
CON1 I NUE 
I F  (NPOS .EO. 01 GO 13 10 

C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 

POS ITPOYS 

DO 11 I = l r N P O S  

4 I R  IMMERSION AN0 WATER IMMERSIOY FOQ BODY SWF4CE 

CALCULLITE RATIFS OF M4SS STOPPING POUERS I N  TISSUE TO V4LUES IN AIS AYD 
WATR, 

RTA=YINTER(EPAVGtIBr  ERI BTARI 0 ,  3 ,  2 5 1  
QTWnYINtER(EP4VGtIBr  E R ,  RTURt 01 39 2 5 1  

CALCULATE SUMMBTION TERMS 

TS=FPOStI  l *EPAVG(IB 
SBAsSBA +TS*QTA 
SBU- SB W e l  S*RT U 
I F  (EPRIU( t I1  oLTo ANINltEMGRSe EqAUtLBIB  GO TO 11 

CALCUL4TE POSITRON SPECTRUM 

SET INOEX FOR 4 L L W E D  POSITROY TR4NSITION 

NCOPZ 

TEST FOR FIRST-FOPBIOOEN UNIQUE TRANSITI@N AN0 PESET INOEX 

IF (NFP oEQ. 0 )  GO TO 67 
DO 68 J 4 r N F P  
I F  ( 1  ONE. N P F ( J I 1  GO TO 68 
NCOr-2 
GO TO 67 

69 CONTINUE 
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. .  C ' ,  . .  .. . 
C C A LCU LA TE SP E CTRUln 
c 
C 
C 
C WATER FOR ENERGY INTERVAL C3NTAINING ENOPCINT ENERGY . 
C 

. ,  
. >  

67 CALL BSPEC I E P H A X ( 1 I r  F P O S ( I J *  EeSRg ATNO* NCO. F I E 9  JYPECr E H I D l  

CALCULATE RATIOS (IF MASS STOPPING POWERS I N  TISSUE TO VALUES I N  A 1 R  AYD 
. .  . 

RTAPYINTER(EMIDI ERI BTARI 01 3 ,  25)  
Q T U ~ Y I N T E R l E M I D ~  ERI BTWRr 0 9  3 9  2 5 1  
I F  ( E P M 4 X t I )  mLT. EMGRSn GO TO 70 , .. 

C 
C GROUND SUQFACE EXPOSURE FOR @ O W  SURFACE . .  
C 
C CONTRIBUTIONS FROM ENERGY INTERVALS CENTEREO AT ALTERNATE VALUES OF E9SP 
C 

DO 7 1  J=Z.JSPECrZ . ,  . I  

I F  ( E B S R t J )  .l.y. FHGRS) GO T O  71 
K= J / Z  . .  
CALL BGRND ( E B S n ( J t r  QNARI R e  RAYGE9 € I N T I  . 
T e F I E (  K)*EBSP ( J l * R T A R ( K I  *EINT/RANGE 
S BG= S BG 47 G 

. .  . .  
. I .  * , , %  , . . .  . .  

. 1 '. 
.\ . . 71 CONTINUE 

C 
C 
C 

CONTR I B U T I  OY FROM ElVERGY INTERVAL CONTAINI(JG EN0Pr) INt  ENERGY 

CALL BGRNO l E M I O *  PNAS9 R e  RANGE9 EIMT) 
TG= F I E ( K+ 1 l * EY 1 O*PT A*  E I Yf /RA NGE 
SBG= SBG+tG 

. .  c 
C A I R  IMMERSION AND WATER I M M E R S I O Y  FOR FRONT9 HIOPCINTI AN0 SACK OF OERYIS 
c AN0 CRIT ICAL  LAYER QF SKIN 
C 

70 DO 7 4  L s l r 4  
. -  . 

. .  
I F  lEPHbX(11  .LT. EWAWtLI)  GO TO 74 , . *  

C 
C 
C 

CONTRIBUTIONS FROM ENERGY INTERVALS CENTEREO AT 'ALTERNATE VALUES'OF EBSP 
, .. . .  , ~ 

. .  

. -  
DO 75 J129 JSPEC92 
IF ( E B S R ~ J I  .LT. EMAW(LII' GO TO 7 5  . *  

': I_ 

. ,  
K=J /2  
TAaF I E( K) *EBSRt J l 'RT AR ( K l  'GFAC (L  9 K I /ALR ( K l 
TnPF I E ( K) *EBSR ( J I *RTUR ( K I *GFAC (L 9 K I . 

. .  . SBASKNt Lt=SBASKN( l.t +TA 
SBWSKN( L I  =SRWSKN( Ll4TW 

75 CONTINUE . 
: . .  C 

C 
C CONTRIBUTION FROM ENERGY INTERVAL CONTAINING ENDPOINT ENEQGY 

ALEND~YINTEP(ALOG(EMI0Ir  EARL9 ALPHAP.* 09 3 9  81 
GENOmG(RSKN(L8 9 RNTPI E M I D )  
TA=FIE(  K+ l)*EMID*RT4*GEND/ALENO 
T W=F 1 E t  K+ 1)*EMI D*PTW*GENO 
SBASKNt LI=SBASKN( L l  +TA . _ .  . 

SBWSKN( L$=SBWSKN( L l  *TU 

- . .  

74 CONTINUE . I  ' ' 

I .  C 
C GROUND SURFACE EXPOSURE FnR FPOVT9 YIDPOINTr AND BACK UF DERMIS AND 

. .  
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C 
C 

C 
C 
C 

79 
C 
C 
C 

78 
t1 
10 

C 

C R I T I C A L  LAVER OF S K I N  

00 70 L = ? r 4  
I F  1 E P H A X I I I  .LTo E H G R t L I I  GO TO 78 

CbNTQIBUTIONS FROM ENERGY IYTERVALS CEF:TERED 4 t  ALTEQNATE VALUES W ESSP 

00 79 J=22rJSPECr2 
I F  (EBSR(J1  oLT. EHGR(LI1 GO TO 7 9  

CALL BGFND ( E B S P t J I r  RNARI P A ( L I r  RANGEr E I N T I  
K=J /2  

TG= F I E ( K I *EBS t J I  *R 1 AP t U) *E I NT/RANG E 
SBGSKN( L l  =SBGSKNJ( L I  +TG 
C ONt I NU E 

CONTRIBUTION FROM EIJERGY INTEPVAL C3NTAINING ENDPOINT EWERGY 

CALL BGPNO (EMID,  RNARr R A t L l ,  RANGE, E I N T I  
TG=F I E 1 K* 1 I * E Y  ID*RT A*EI  NT /RANGE 
SBGSKNt L I  =SBGSKN( L )  +TG 
CONTINUE 
CONT I NUE 
I F  ( N E L K  .Ego OI G@ T O  13 

C AUGER AND CONVERSION ELECTRONS 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
r: 
C 

11 

DO 14 I t l r N E L E C  

A I R  IMMERSION AND WATER I M M E R S I O Y  FOR BODY SUQFACE 

CALCULATE RATIPS OF MASS STOPPING PWERS I N  TISSUE TU VALUES I N  AIR 4ND 
WATEP 

RTA=YINT€R(EELEC(IDr  ERr  BTARr O r  3r 2 5 1  
STW=YINTEQlEELEC( I I r  Ea, BTAPr Or 3 9  2 5 1  

CALCULATE SUMMATION TERMS 

TS=FELEC( r WEELEC ( r  I 
SBA=SBA *TS*PTA 
S B W= SB H tf S * a  T W 
I F  ( E E L E C I I I  OLT. AMIYl(EWGRSr E u A W ( 1 ) t I  GO TO I+ 
I F  l E E L t X ( I 1  .LTo EMGRSI GO TO 17 

GRWND SURFACE EXPOSURE F@P B@DY SUPFACE 

CALL BGPND (EELEC( I8 ,  RNARI PI RANGE, E I N T I  
1 G= 1 S* R TA*E I NT / P ANGE 
SBG= SBG +TG 

A I R  IMMERSION AND WATER I M M E R S I O V  FOR FRONT, MIDPOINTt  AND BACK O F  DERMIS 
AND c R r T r c n L  LAYER OF SKIN 

DO 10 L = l r *  
I F  1 E E L E C l I I  oLT. E M A U ( L I I  GO TZ) 18 
4 L E N D n Y I N T E P ( A L ~ G ( E E L E C ( I ~ I ~  E ~ P L I  ALPHAPI 01 3, 81 
G.€NDPG(RSKN(LI 9 RNTRr EELEC(1 I I 
T A=TS*R TA*GEND/ AL EN0 

i 
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18 
C 
C 
C 
C 

82 
14 

C 

TW=TS*RTU*GEND 
SBASKNt  LD =SBASKN( L I * T A  
SBUSKNt LI =SBWSKN( LI +TU 
C O N T I  NU E 

GROUND SURFACE EXPOSURE FOR FRONT, MIDPOINT,  AND BACK OF D E Q Y I S  A N 0  
C R I T I C A L  LAYER OF S K I N  

00 82 L ~ l . 4  
I F  (EELEC(1D eLTe EHGR(LDD GO TO 82 
C A L L  B G W D  ( E E L E C ( I 1 ,  RNAR, R A t L I r  RANGE, E I N T I  
TG=TS*RTA*E!NT/RANGE 
SBGSKNt LD =SBGSKN( LD +TG 
CONT I NU E 
CONTINUE 

C CALCULATE ELECTRON DOSE-RATE CONVERSION FACTORS FOR THREE EXPOSURE HOOES 
C 
C BODY SURFACE 
C 

13 DOSE (41 =CPM( 41 *FACl*SBA/RHOA 
DOSE ( f i l ~ P Y ( f i I * F A C l * S 9 W I ~ H O U  
D O S E ~ ~ D P O . ~ * C P M ( ~  D*FACl*SBG 

C 
C FRONT, MICPOINT,  AND BACK OF DERMIS AND C R I T I C A L  LAYER OF S K I U  
C 

DO 83 K = l r 4  
DOSORB( 1, K I = F A C l * S B A S K N ( K  I I R H O A  
DOSORB( 21 K ) = F A C l *  SBWSKNlK I /RHOW 
DOSORB( 3, KB=OoS*CPM ( 6 D * F A C l * S B G S K N ( K I  

83 C O N T I N U E  
C 
C CALCULATE SWS OF PHOTON 4 N 0  ELECTRON DOSE-RATE CONVERSION FACTORS FOR 8 3 D Y  
C SURFACE FCn THREE'EXPOSURE MODES 
C 

DOSE( 7I*OSE(  1 1 + D O S E ( 4 @  
D O S E ( B I n D O S E ( 2 I ~ O S E 1 5 )  
DOSE ( 9 )  =DOSE( 3 I *OOS€[ 6 t 

C 
C C A L C U L 4 f E  SUMS OF PHOTON AND ELECTROY DOSE-PATE CONVERSION FACTORS FOR S K I N  
C U S I N G  VALUE AT 70 MICRON DEPTH FOR ELECTRONS 
C 

DO 59 ! ~ l r 3  
DOSSKNt  IIPD@SORG( I ~ L ? I * 0 0 S O R B ~ I ~ Q I  

59 C O N T I N U E  
C 
C CALCULATE ELECTRON DOSE-RATE FACTOR AVERAGED OVER THICKNESS OF DERMIS FOR 
C THREE EXPOSURE MODES 
C 

DO 84 I = l r 3  
I F  IDOSCRB(! , lD 

C 
C TEST FOR NON-ZERO 
C 

C 
C CALCULATE AVERAGE 
C 

I F  (DOSGUB(!r,31 

. E Q e . O e O D  GO TO 8 7  

VALUE OF DOSE-RATE FACTOR FOP. 9ACK I)F D E R M I S  

.EO. OeOD GO TO 85 

DOSE-RATE FACTOR U S I N G  SIMPSON'S RULE 
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C 
C 
C 

C 
C 
C 

DOSORB( 1. S l u ( D O S O R B I  1 9  l I+OOSORB(  I r31+4.*DOSORBt 1128 VI60 
GO TO 84 

CALCULATE L O C A T I O N  I N  O E R Y I S  WHERE DOSE-RATE FACTOP BECOMES ZERC) 

CALCULATE MAXIMUM ENERGY I N  ELECTRON SPECTRUM 

85 EMAX5O.C 
I F  (NBETA .EO. 01 GO TO 90 . E WAX= E 6 PAX t NBET A I 
I F  (NBETA .GT. 11 E M A X = A H A X l t E H 4 X *  ESMAX(N8ETA-11 I 

EMAX= AW4Xl  (EMAX, 
I F  ( N P O c  .GT. 1 1  EMAX=AHAXl(EHAX* E P H A X ( N P @ S - l I l  

EMAXSAMA%l(EMaX*  E E L E C ( N E L E C 1 l  

90 I F  (NPOS .EO. 01 GO TO 91 
EPMAX( NPOSV I 

91 I F  (NELEC .EO. 01 GO TO 92 

CALCULATE RANGE I N  T I S S U E  FOR H A X I Y U Y  ELECTRPN ENERGY I N  CY 

T E S T  FOR MIN-ZERC VALUE OF 00SE-RATE FACTOR FOR M I D P O I N T  OF O E R H I S  

I F  I O O S C R B ( I ~ 2 1  .EO.  0.01 GO TO 86 

CALCULATE AVEPAGE DOSE-aATE FACTOR U S I N G  TRAPEZOIDAL AND T R I  ANGLE RULES 

DOSORB( 11 5t=(DOSORB( I * 1 I +OUSORBI I 2 1 9  f4.+OOSORB( I *  2 I *  (ZYAX- 
2 Z S K N ~ 2 l ~ / ~ 2 . * ~ Z S K N ~ 3 I - Z S K N ~ l l V l  
GO TO 84 

CALCULATE AVERAGE DOSE-RATE FACTOR U S I N G  T R I A N G L E  RULE 

86 OOSORBI 11 SI+DOSORB( I r l B * A B S (  ZMAX-ZSKNI1  I I / (2 . * (2SKN(3 l -ZSKN(  11 I I 
GO TO 84 

84 C O N T I N U E  
RETURN 
END 

87 DOSOPB( I * 5 ) ~ 0 . 0  
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C 

C 
C PERFORMS LAGRANGIAN INTERPOLATION OF A FUNCTION OF ONE VARIABLE , 
C 
C BASED ON OOLBLE PRECISIClN INtERPOLATIOY FUNCTION YLAG DESCRIBED I N  CHION 
C CARBIDE PmLICATION CtC-39 
C 
C X I  - ABCISSA OF DESIRED IYTERPOLATION POINT 
C X - SINGLY DIMENSIONED A R R A Y  OF DISTINCTr MONOTONICALLY INCREASING ABCISS4S 
C Y - SINGLY DIMENSIONED ARRAY OF CDRFESPONOING ORDINATES 
C 1NQl  - SET TO ZERO 
C N l  - NUMBEP OF POINTS FOR THE INTERPOLATION POLYNOMIAL 
C I M A X  - NURBER OF ELEMENTS FOR THE X- OF. Y-ARRAYS 
C 

FUNCTION YIYTERtXIr  XI Y r  I N D l r  N l r  !HAXI 

DIMENSICN X(L8r  Y (11  
IND= I NO 1 
N=N 1 
I EXPO 
I F  (N .LE. !WAX1 GO TO 10 
NaIMAX 
I EX=N 

10 I F  ( I N 0  .GT. 0 1  GO TO 40 
00 20 J S l r I M A X  
I F  ( X I - X ( J l l  3 0 -  U O r  20 

20 CONTINUE 
I E X = l  
GO T O  70 

30 IND=J 
40 I F  ( I N 0  oGTo 1) GO TO 50 

I EX=-1 
50 INL=IND-tN+11/2 

I F  ( I N L  .GT. O J  GO TO 60 
I N L = l  

60 INU=INL W-1 

70 INL=IMAX-N+l 
INU= I MA X 

80 S=O. 
P=1. 
DO 110 Jn INLr INU 
P IP*  I X I  -x I J 1 t 
011. 
DO 100 IoINLIINU 
IF ( I  .NE. JJ GO TO 90 
KWX I 
GO TO 100 

90 XD=X( JJ 
100 DID* (  xo-x ( I )  1 
110 S=S+Y ( J  V O  

Y INTER=S*P 
120 RETURN 
130 YINfER=Y( J l  

I F  ( I N U  .LE. I M A X 1  GO TO BO 

GO TO 120 
END 

. .  
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C 

C 
C CALCULATES GEOMETRICAL REDUCTION FACTFR FOR ELECTRON DOSE-RATE CONVERSION 
C FACTOR FOR SKIN  FOR A I R  AND WATER IMMERSION: CALCULATIONS ARE BASED ON €OS. 
C (151-(181 O F  BERGEPI HEALTH PHYSICS 269 1 (19741 
C 
C R - D I S T A N C E  FROM BODY SURFACE TO S K I N  T I S S U E  I N  G/(SQUARE C M I  
C RNGTR - REFERENCE ARRAY OF ELECTRON RANGES I N  T I S S U E  I N  G/(SQUARF CM1 AT 
C ENERGIES G I V E N  BY VALUES OF EGR BELOU 
C EB - E L E C l R O N  ENERGY FOR EVALUAT1I)Y OF GEOMETRICAL REDUCTION' FACTaR 
C 

F U N C T I O N  G(R9 RNGTR, E B I  

O I M E N S I C N  R N G T R t l B  
O I M E N S I b c  Z D R N G t 2 l I 9  E G R ( 2 5 l r  G R 1 ( 2 5 1 *  G R 2 ( 2 5 ) *  G R 3 ( 2 5 1 r  G R 4 t 2 5 ) r  

2 G R 5 ( 2 5 1 9  G R 6 ( 2 5 l r  G R 7 ( 2 5 ) r  GRB(2519 G R 9 t 2 5 1 r  G R 1 0 ( 2 5 l r  G R l l ( 2 5 1 r  
3 GR12(25Br G R 1 3 t 2 5 I r  G P 1 4 4 2 5 1 r  G P l S ( 2 5 ) r  G R l b ( 2 5 I r  G R l f ( 2 S l r  
4 G R 1 8 1 2 5 l r  G R 1 9 ( 2 5 l r  G R 2 0 1 2 5 J r  G R Z l ( 2 S I r  G R t 2 5 r 2 1 B  

O I M E N S I C N  E L R ( l 7 ) r  Q l R ( l 7 ) ~  A L R t l l b ~  ZOALR(25 I r  0 2 R t 1 5 1  
C 
C R A T I O S  OF DISTANCE FPOM BODY SURFACE TO ELECTRON RANGE FOR REFERENCE VALUES 3F 
C ELECTRON GEOMETRICAL REDUCTION FACTORS 
C 

DATA ZDRNG/ 0.0. 0.059 0.109 0.159 0.209 0.259 0.309 0.359 0.409 
2 0.459 0.50. 0.559 0.60r 00b5r  0.709 0.759 0.809 0.859 0.909 0.959 
3 1.00/ 

C 
C ENERGIES FOR REFERENCE VALUES OF ELECTRON GEOMETRICAL REOWJTION FACfORS 
C 

OATA E G W  0.0109 0.015r 0.020r 0.0309 0 o 0 4 0 r  0.050r 0.0609 
2 0.0801 0.1009 0-1509 0.200. 0 .300~  0 . 4 0 0 ~  0.5009 0.6009 
3 0.80C9 1.09 1.59 2.09 3-09 4.01 5.01 6 -09  
4 8.09 10.0/ 

C 
C REFERENCE VALUES OF ELECTRON GEOMETRICAL REDUCTION FACTORS 
C 
C ZDRNCirO.0 
C 

DATA G R l /  0.59 0.59 0 . 5 r  0.59 0.5. 0.59 0.59 
2 0.5, 0.59 0.59 0.59 0.59 0.59 0.59 0.59 
3 0.59  0.59 0.59 0.59 0 . 5 9  0.5,r 0.5, 0 .59  
4 0.59 0 . w  

C 
C ZORNG=OoOS 
C 

DATA G R U  
2 0.41929 
3 0.41099 
4 0.403% 

C 
C ZmNG=O.10 
C 

OATA . GR 3f 
2 003591r 
3 0.348C9 
4 0.33921 

C 

0.41889 0.41959 0.42009 0.42019 0.42009 0.41999 0.41979 
0.41879 0.41779 0.4168. 0.41539 Q.41439 0.41339 0.41239 
0.40989 0.4077r 0.4063. 0.4051. 0.4045r 0.4041r 0.4039. 
004041f 

0.3575. 0.35879 0.3595. 0.3598. 0.35999 0.3599. 0.35979 
0.3SBbr 0.35739 0.3561r 0.35109 0.35269 0.35129 0.35009 
0.34659 0.34369 0.3419s 0.3403. 0.33969 0.3393. 0.339 1 9  

003395f  
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C 
c 

C 
C 
C 

C 
C 
C 

C 
c 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

ZWINGPO.~~ 

DATA GR4/ 0.30479 0.30639 0.30139 0.30799 0.30811 0.30811 0.30791 
2 003074r  0.30699 0.30549 0.304lr 0.30189 0.30029 0.29879 0.29749 
3 0.29521 0.29379 0.29069 0.28879 0.28719 0.28651 0.28639 0.28629 
4 0.28669 0.2811/ 

ZDRNGOO~~O 

OATA GR5/ 0.25809 0.26009 0.26119 0.26189 0.2621r 0.26219 0.2620* 
2 0.26149 O.2609r 0.25929 0.25829 0.25599 0.25449 0.25299 0.25169 
3 0.24941 0.24799 0.24499 0.24311 0.2418, 0.2414r 0.2414* 0.24141 
4 Os242Cs Os24271 

2 ,  

ZORNGIO 025 

OATA GR6/ 0.21659 0.21869 0.21979 0.22059 0.22079 0.22081 0.22079 
2 0.22029 0.21979 0.21811 0.21111 0.2150r 0.21369 0.21229 0.21099 
3 0.2089r 0.2077r 0.20501 0.20349 0.20259 0.2023* 0.20259 0.20271 . 
4 0.203tr 0.2046/ 

ZORYGPO 30 

DATA GR1/ 0.11931 0.18151 0.1826~ 0.18339 0.18351 0.18359 0.18359 
2 0.183Or 0.18119 0.18121 0.18029 0.17831 0.17711 0.17599 0.17489 
3 0.1131r 0.1720r 0.16979 0.1685r 0.1681r 0.16829 0.16879 0.16919 
4 0.11011 0.1?13/ 

ZORNGPO 03 5 

DATA GR8/ 0.14649 0.14859 0.1495. 0.1501r 0.15029 0.15011 0.15009 
2 0.14959 O.l+83* 0.14799 0.1470r 0.14549 00 14449 0.14349 0 s  14259 
3 0.14119 0.1403r 0.13869 0.1378r 0.13789 0.13839 0.13909 0.13959 
4 0-140Br 0.1423/ 

ZOR NGr 0 4 0 

OATA GR9/ OoL173r 0.11929 0.12011 0.12059 0.12049 0.12031 0.12029 
2 Or11979 0.1192r 0.11821 0.11751 0.11629 0.11549 0.11469 0.11389 
3 0.1128r 0.1122. 0.11111 O.lLO7r 0.1112r 0.11201 0.1130r Os11379 
4 0.11521 0.1168/ 

ZDRNG=O 04  5 

DATA GR 10/0.09199 0.09379 0.09441 0.09469 0.0943r 0.09411 0.09399, 
2 0.09349 0.09299 0.0920. 0.0915~ 0.0904r 0.0898* 0.08919 0 .0886~ 
3 0.08799 0.08769 0.08699 0.08691 0.08799 0.08901 0.09029 0.09109 
4 0.09289 0.09461 

ZDRNG=O.SO 

DATA GR11/0.0702. O . O ? l ? r  0.07229 0.07229 0.07181 0.07149 0.071 29 
2 0.0707r 0.07021 0.06949 0.06901 0.0681r 0.0677r 0.06729 0.06689 
3 0.06619 0.06629 0.06609 0.06641 0.0677r 0.0690. 0.07049 0.071 39 
4 0.07339 0.0152/ 

ZDRNGsO 5 5 
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C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

OATA GR V / O . 0 5 2 0 9  0.05319 0.0535r 0.05329 0.05279 0.05231 0.052 1 9  

2 0.0518r 0.05129 0.05049 0.05019 0.04949 0.0490r 0.04879 0.04859 
3 0.04821 0.06829 0.04841 0.04899 0.0505r 0.05199 0.05339 0.05449 
4 0.05649 0.0584/ 

ZDRNGp 0.60 

OATA GR U/O.03719 0.03809 0.03829 0.03719 0.03729 0.03689 0.03659 
2 0.03619 0.01569 0.03199 0.0347, 0.03419 0.03399 0.03379 0.03359 
3 0.03349 0.03359 0.03389 0.03459 0.03619 0.03169 0.03899 0.0400. 
4 0.04229 0.0441/ 

ZDR N G e O  6 5 

DATA GR 14/0.02539 0.0259e 0.0260s 0.02559 0.0250r 0.02469 0.02439 
2 0.0239r 0.02359 0.0229. 0.0226r 0.02219 0.02209 0.02199 0.021 89 
3 0.02189 0.02199 0.0223. 0.02309 0.02459 0.02599 0.02719 0.028 1 9  

4 0.03011 0.0320/ 

ZDRNGPO . TO 

OATA GR 15/0.01649 0.0168r 0.01689 0.01639 0.01599 0.01559 0.0153* 
2 0.014Sg 0.01459 0.01409 0.01389 0.0134. 0.01339 0.01321 0.01329 
3 0.01321 0.01339 0.0137. 0.01439 0.0155. O.OL67r 0.0178~ 0.01819 
4 0.02059 0.0222/ 

ZDR NGsO 0 7 5 

DATA GRl6/0.01009 0.01029 0.01029 0.00989 0.00941 0.00919 0.00899 
2 0.00869 0.00839 0.0078, 0.00179 0.00749 0.00739 0.00729 0.00729 

4 0.01309 0.0144/ 
3 0.00129 0.00739 0.0076r 0.0081~ 0.0090. 0.00999 0.0108r O . O l 1 5 r  

ZDRNGaO 08 0 

DATA GR17/0.0056r 0.00579 0.00579 0.00549 0.0051r 0.00499 0.00489 
2 0.60459 0.00439 0.0040. 0.00389 0.003br 0.00359 0.00359 0.00359 
3 0.00359 0.00369 0.00319 0.00409 0.00479 0.0053r 0.00599 0.00649 
4 0.0075* 0.0086/ 

ZORNGsO. 8 5 

D&TA GR 18/0.0029r 0.00299 0.00299 0.00279 00002t9 0.00249 0.00239 
2 0.00229 0.00209 0.0018r 0.0017r 0.0015r 0.00159 0.0014r 0.001 49 
3 0.00149 0.00159 0.0016r O . O O L 8 r  O.OO2lr 0.00259 0.00289 0.00329 
4 0.00359 0.00461 

ZOR NG- 0.9 0 

DATA GR19/0.00139 0.00139 0.00139 0.00121 O.OO11r O.OO11r O . O O I  01 
2 0.0009r 0.00089 0.00079 0 .0006~  0.0005r 0.00059 0.00059 0.00059 
3 0.0005r 0.0005r 0.00059 0.00069 0.0008r 0.00099 0.00119 0.0013~ 
4 O.OOl7r 0.0021/ 

ZWNGm0.95 

D A T A  GR20/0.00059 0.0005. 0.0005r O.OOO5r 0.0004. 0.00049 0.0004r ’ 

2 0.0003r 0.0003r 0.00029 0.00029 O.OOO1r O.OOO1r 0.0001r 0.0001r 
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3 ,000001. 0.00019 0.00019 
4 0,.0004* 0.0008/ 

C 
C Z D R N G ~ 1 . 0 0  
C 

OATA G R 2 L / O ~ O O O 1 ~  0.00019 
2 0.09 0.0. 0.09 
3 0.0.  0.09 0.09 
4 0.0002. ,  0.0002/ 

c ENERGIES FOR REFERENCE VALUES 
C 

C 

0 .00021  0 . 0 0 0 2 9  0 . 0 0 0 3 ~  0.00041 0.00051' 

0.0001* 0.0001. 0.0001. 0.0001. 0.00019.~ 
0.0.  0 .0 .  0.09 0.09 0.0. 
0.09 0 .0 ,  0.00019 0.00019 0.00011 

OF LEAKAGE CORRECTION PARAMETERS . . '  . 

OATA E L P /  0 . 0 2 0 9  0.030,  0.0409 0.050r 0.060r 0 . 0 8 0 ~  I . . '* 

, t  
2 0.1009 0.200r 0.300. 0.4009 0.500. 0 .600~ 0.8009 
3 . 1.09 2.0. 3. 01  4.0/ 

C . .  
C REFERENCE VALUES OF L E A K A G E  COP.RECTION PARAMETER OL 
C 

. .  . .  

OATA Q1R1 0.1221 0 . 1 2 2 ~  0.122.  O . L Z l r  0.1211 0.1219 
2 0.1219 0.115. 0.113r 0.109r 0.1059 0.1029 0.096r ' '*.. ' 
3 .  00091r  0 . 0 7 2 ~  0.0639 O.O57/ 

C . .  
C R E F E R E W E  VPLUES OF LEAKAGE C O R R E C T I 2 N  PARAMETER A IN CH 
C 

OATA ACR/ 0.00064~ 0.001309 0 . 0 0 2 2 1  0.00321 0.0044r .0 .0073r  
2 0.0106. 0.033~ 0.063.. 0.096, 0.131r 0.1699 0.25. 
3 0.33. 0.829 1.169 1.571 . .  

C 
C S C A L E 0  D I S T A N C E  Z / A  FOR REFERENCE VALUES OF LEAKAGE CORRECTION PARAMETE9 P2 
C 

. .  

OATA ZOALR/ 0.09 0 .00625 .  0.01259 0.0259 0.0501 0.0751 
2 0.109 0.15. 0.209 0.30. 0.409 0 . 5 0 r  -0.609. 
3 0.8C9 1.001- . '  . ,  

S I  C 
C REFEPENCE VALUES OF LEAKAGE C Q F R E C T I 3 N  PAPAMETER Q2 
C 

. . < .  

OATA 02R/ 1.0. 0.7529 O e t 3 9 1  0.4379 0.352. " 0.281. 
2 0.22S9 0.1659 0.1209 0.0721 0.0489 0 . 0 3 0 r  0.0189 
3 0.0049 0.001/ . .  

, , ,  , * -  C 
C DENSITY OF S K I N  T I S S U E  I N  G / ( C U B I C  C Y )  
C 

C 

, .  . , ,  , . .  
t . ,. .. 

OATA RHCSK/ l . l Z / '  

E O U I V A L E N C E  (GP (1 e 1 # 9 G Q l  ( 1) 1 ( G e l  l r  2) i GR2( 1 18 9 (GR t 193  1.9 .$'-' 

2 G R 3 ( 1 ) ) 9  (GR(1 .411  G R 4 ( l l l r  ( G R ( l e 5 ) r  G R 5 t L ) l r  (GR(lr6)r GRb( . l ' ) ) r  
3 ( G R ( l r 7 l r  G R 7 ( l l ) r  ( G P ( l r 8 J r  G P . B ( l J J r  ( G R ( l r 9 J r  GR9ll)lr 
4 ( C P l l . l O ) *  G R l O (  1 I l r  ( G R ( 1 r L l ) r  G R L l ( 1 l l r  ( G P ( L 1 1 2 ) r  G 9 1 2 ' ( 1 ) ) 9 .  '' . 
5 ( G P ( 1 r U l r  G R 1 3 ( l ) l r  ( G R ( l r 1 4 1 9  G 0 1 4 ( 1 l ) v  ( G R ( 1 * 1 5 ) *  G R ? 5 ( 1 ) ) *  
6 ( G R ( 1 p  1 6 J 9  G R 1 6 ( l ) J r  t G a ( l r l 7 l r  G R 1 7 t l l J r  ( G P O r l B l r  G P . l 8 ( 1 4 ) r .  
7 ( G R ( l r l 9 l r  G R 1 9 t L ) ) r  ( G r ' ( L * Z O ) *  G R 2 O t l J ) r  IGR(1.Zl)r G R 2 1 ( l l )  . ' 

C . . * I  

C C A L C U L A T E  ELECTPON R.ANGE I N  T I S S U E  
C 

C 
C C A L C U L A T E  R A T I O  OF D I S T A N C E  FROM BODY SURFACE TO E L F C T R O N  P-ANGE " ' .  ' 
C . . .  

. , . .  . 

. . ' .  . . ' '  R A N G E = Y I N T E R ( E B 9  EGF, RrJGTR, 0 1  39 25) 
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ZOVP=R/ RANGE 
C 
C C A L C U L A T E  GEOMETRICAL REOUCTlt?!Y FACTOR FOR G I V E f l  SCALED T H I C K N E S S  A M )  €lVERGY 
I: WITHOUT LEAKAGE CORRECTION 
C 

C 
C C A L C U L A T E  LEAKAGE C@PRECf IOY TO GEOMETQICAL R E D U C T I O N  FACTW 
C 
C C A L C U L A T E  PARAHETERS 01 &NO A 
C 

G = D I N t E R ( E B r  Z O V R r  E G Q r  ZORNGI G F r  2 5 .  2 1 9  4 r  251 

Ol=YINTER(EBr  E L R r  O l Q r  0 1  3r 17) 
AL=V!NTER(EBr E L R r  ALRI O r  39 171 

C 
C C A L C U L A T E  SCALED O I S T A N C E  Z / A  AND P A R A q E T E R  Q2 
C 

ZOAL=Q/ ( A L *  HrJSIo 
Q 2 = Y I N T E a ( Z O A L r  Z@dLQ)r Q 2 Q r  Or  39 15)  

C 
C LEAKAGE CCRRECTION 
C 

C 
C C A L C U L A T E  GE@METRICAL R E O U C T I @ Y  F A C T D S  W I W  L E A K A G E  COPQECTIOW 
C 

O L = l  .O-Cl*Q2 

G=QL*G 
IF ( G  0LT. 0008 G ~ 0 . 0  
RETURN 
ElVD 
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C 
F U N C T I O K  F A C t U .  E #  

I 
C C A L C U L A T E S  a A T I @  O F  CIQGAN OOSE P A T E  TP DOSE R A T E  I N  A I R  A T  S I P  FOR PHOTrlYS 
C U S I N G  ORGbW DOSE-QAT€ F I C W P S  FOR YDUOENEQGETIC V U P C E S  AT THE BCIW SUPFLC.= 

C SPECTRA FCR M @ Y O E N E Q G € ~ I C  S n U Q C E S  I N  AN I N F I N I f E  A T Y O S P H E R I C  C L O U D  G I V E Y  3 V  
C G I V E N  BY C ' B R I E Y  AND SAVNA. H E A L T Y  P H Y S I C S  3 0 ,  76 11976)r A N 0  SCATTERED 

C D I L L M A N ,  H E A L T H  P H Y S I C S  2 T t  571 ( lC74) :  THE C A L C U L d T I O N S  WEQE P E Q F 9 R Y E O  9 Y  

C 
C K - I N O E X  FOR P A Q T I C U L A 9  W G A N :  SEE REFEPEPiCE V A L U E S  r)F P A T I O S  G T V F N  B E L 3 V  
C E - PHOTOh ENERGY 
C 

c KERR AND K u E p H a N  

D I q E N S I C N  E P Q G ( l S I 9  n Q G 1 ( ? 5 ) *  P R G Z ( ? S ) r  O R G 3 ( 1 5 ) r  O Q G C ( 1 5 1 r  
2 OPtS(l5)r F R G 6 1 1 5 I r  P Q G 7 t 1 5 3 ,  3 o G 8 t L S D r  9 P G 9 ( 1 5 I r  O R C l O ( 1 5 ) r  

4 O R G 1 7 t 1 5 1 r  O Q G L 8 ( 1 5 1 r  3 P G 1 9 ( 1 5 1 ,  ' lRG20(151r  O R G 2 1 ( 1 5 ) r  O Q G 2 2 t 1 5 ) r  
5 r )PG23(  15). O R G 2 6 ( 1 C J r  V G ( 1 5 9 2 4 I  9 F P G F ( 1 5 I t  Ef lRGL( l5)  

3 O R G L l (  15). O P G 1 2 ( 1 5 1 .  n o G 1 3 ( 1 5 t ,  n P G 1 4 ( 1 5 ) r  O P G 1 5 ( 1 5 1 9  O n G L 6 ( 1 5 8 r  

r 
C E N E Q G I E S  FOR REFEQENCE V A L U E S  W P P T I Q S  O F  W G A N  COSF P A Y E  TO B O D Y - W R F 4 C E  
C 0r)SE F A T E  I N  MEV 
C 

D A T A  € O S /  0 . 0 1 0 ~  0 .0151  0.0209 0.0309 0.0501 
2 O.~OOI Om2009 0.5039 1.0. 1.59 2.0 9 

3 4.0, 6 - 0 9  8.09 10 .o/ 
r 
C REFERENCE VALUES OF R A T I O S  3F ORGAN OCSE R A T E  TO OOSE R A T E  I N  A I R  
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
c 

LIOQENALS 

D A T A  O R G l /  
2 0.490 9 

3 0.6389 

8 L A  ODE R 

DATA O P G 2 /  
2 0.4729 
3 0.6539 

BQA I N  

D A T A  OQG3/  
2 0 e493 9 

3 0.7099 

BREAST 

QATA r)RG4/ 
2 0.8819 
3 a . t m 9  

HEART 

D A T A  @ R E /  
2 0.454, 

1.91 E - 1 0 9  2.97E-05 9 4.98E-039 9 o08E-02 
0.496, 0.519, 0 . 5 6 2 9  O.561r 
0 .6779  0.716r 0 . 7 4 5 1  

L e  3 8 E - 0 4 9  1. 07E-02 9 5.07E-03r 3 . 9 L E - 0 2 9  
0.4839 0.5019 0.55t9 ! 0.556. 

0 .252  9 

0.615 9 

0.307 e 
0.635 9 

0.251 t 

0.7109 

0 .748  9 

0.790 

0.223 
0.635 9 
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c 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

c 
C 
C 

c 
C 
C 

c 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
c. 

3 0.6511 0.6b7. 0 .6949  0 .710 /  

SYALL INTEST?h!E 

DATA nQG6/ 1.78E-069 1.77E-041 3.19E-03r 4.42E-021 
2 0.3029 0.4319 0.45C9 0 .50er  0.516r 
3 0.6219 0.639. 0 . 6 t 2 r  0 .673 /  

UPPEP LACCE INTESTIYE 

DATA OSG7/ 2.62E-069 4.WE-05 9 9.03E-039 7 ~ 5 0 F - 0 2  9 

2 0.4931 0 . 5 1 2 ~  o.53er  0 . 5 9 2 ~  0 . 5 9 2 ~  
3 0.6929 0.7139 0.7479 0 .766 /  

LOWER L W C E  I P l T E S ~ f h l E  

DATA ORG8/ 
2 0.4399 
3 0.649. 

KIDNEYS 

D A T A  O R G ~ /  
2 0.4611 
3 0 .722-  

LIVER 

DATA CRG10/ 
2 0.4699 
3 0.6551 

LUNGS 

DATA ORG11/  
2 0 .5 i2 r  
3 0.6779 

MAaRc?W 

DATA r)RGL2/ 
2 0 8649 
3 0 -698 9 

a m  H A R R O ~  

DATA ORG13/  
2 0.4139 
3 0.7139 

OVASl E S , 

DATA QRC14/ 
2 0.4019 
3 0.5741 

P 4 W R E  A S 

1.03E-059 4 95E-04 e T.71E-039 6.79E-32 9 

0.4949 0.5159 0.5599 0.5619 
0.674. 0.7101 . 0 . 7 3 6 /  

8. ME-049 5.1 LE-03 9 1.80E-029 8 -96F-02 9 

0.5389 0.554* 0.5959 0 .592-  
0.6939 0 .72t  0 . 7 4 9 /  

5.03E-049 5.62E-039 2.53E-029 0.1509 
O.748r 0.6409 0.6359 0.6179 
0.7269 0 . 7 7 3 r .  0 . 8 0 7 /  . 

4.15E-049 2.84E-039 1.15E-021 6.43E-029 
0.4339 0.495 9 0.541 9 0.5269 
0.6059 0.6619 0 .709 /  

0.2159 
0.591 t 

0 .260r  
0.675 9 

0 .225 9 

0.623 

0.351. . 
0.679 9 

0.2899 
0.6399 

0.325 9 

0.671 9 

0 .588 9 

0.687 9 

0.155 9 

0.679 9 

0.235 9 

0.579 9 



C 
C 
C 

C 
c 
c 

C 
C 
C 

C 
C 
C 

r: 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

c, 
C 
C 

C 

DATA r?qGLS/ 
2 0 .st5 9 

3 0.5899 

SKELETON 

DATA r)PG16/ 
2 0.8909 
3 0 7079 

SKIN 

DATA ORC17/ 
2 0 .  8079 
3 0.9611 

SPL €EN 

DATA O R t l 8 /  
2 0.460r 
3 0.634, 

STOMACH 

DATA C)RC19/ 
2 0.4609 
3 0.6621 

TESTES 

DATA 3RG201 
2 0.7579 
3 0.898. 

THVYUS 

O A T A  ORG211 
2 0 . 5 8 2 ~  
3 0 7099 

THYROID 

DATA ORG22/ 
2 0 . 754. 
3 0.7991 

UTERUS 

DATA ORG23/ 
2 0.3989 
3 0.5809 

TOTAL B9DY 

DATA @?C20/ 
2 0 5829 
3 0.7189 

117 

1.36E-03r 8.36E-039 2.98E-029' 0.15b. 
0.7651 0.6509 0.6469 0.6279 
0 . 7 3 5  0.181 0. ais/ 

2.39E-049 2.09E-039. 9.09E-039 5.C6E-029 
0.4921 0.50Ce 0.5419 0.541r  
0.6599 0.6949 0.719/ 

0.603 
0.6999 

0 .7079  
0.980 9 

0.245 9 

0.611 9 

0.260 9 

0.6239 

3 . 5 8 8 9  
0.8b5 
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c 

C 
C CALCULATES EXPClhlEVlIAL INTEGR'ALS USING POLYNCIMIAL AND RATXONblL 4PPd%IfATION5; 
C SEE HANDBCOK OF MiITHEMATXCAL FUNCTIf'NSr PGo 231 
C 

FUYCTI@N E l ( F M r  X D  

OOUBLE W E C I S I O N  ARGr ALOr 4 L l r  AL2r M 3 r  AL4r ALS 
DOUBLE PRECISION A G l r  AGZr AG3r AG4r 91r 829 e3r R 4  
OOU0LE PRECISION ONUMr DNOMr FHr XI E l  
OAT4 ALOr ALlr AL29 AL3r ALII AL5l -0o5772156600r 0.9999919300* 

2 -0o249S105500r 0.0551996800r -0.0097600400r 0 ~ 0 0 1 0 7 8 5 7 0 0 l  
O A T A  A G l r  AG29 AG3r AG4l 8 .573328740100~ 18~059016973000r  

OATA 81 9 82r 839 041 9.573322345100r 25*632956148600r 
2 8.6347608925DOr 00267773734300l 

2 21.099t53082700r 3 958496922 8001 
A*G=FM*X 
I F  fAPG .GT. 1.0001 Gn 1 
EIPALOt iILl*LRCtAL2+ (4FG**2. t+AL3* (4RG**30 1*AL4*f AQG+*40 ) t4L5*  

2 f ARG**5* t-OLOGtAQG) 
2 RETURN 
1 ONUM= AR e**. + AG 1* ( ARG** 3.1 t AG2* [ A P G+* 2. 1 t AG3*CP Gt4G4 

E l = D N U M / ( O N O M * A R G * D E X ~ ~ A R G l 1  
GO TO 2 
E NO 

0 NOM= AR Go**. t B 19 ( AR W*  3 I +B2* ( AP "u*2 1 +83*ARG*04 
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c 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

c 

c CALCUL4TES hUMBER PF FLFCTROYS AS A FUFICvIPN OF ENEQGY FOR CCNT1NUr)US SOECTR4 
FRPM BE74  DECAY. 96SEO ON €OS. (3.128-(L148. (3.22) FROM EVANS. ME A T ' l Y I f  
NUCLEUS 

EN - ENOPCINT ENERGY FPO r7YTINUOUS SPECTRUM 
F1 - TOTAL INTENSITY FOP CONTINUOUS SPECTRUM 
EBSR - ARP4Y OF ENERGIES FOP CALCULATION OF CONTINUPUS SPECTPUY 
ATYO - ATCHIC NUYBEP OF P4REp!T RADIONUCLIDE 
YCD - INDEX FCR TYPE OF ELECTRON 

= 1 FCR BET4 PARTICLE (-1 FOR FIPST-FOPBIDDEN UNIQUE TRANSITION8 
= 2 F B  P P S I T W N  (-2 FOP FIRST-FORBIDDEN WJIOUE TRANSITIOY8 

FIE - ARRbY OF ELECTRPN IYTENSIT IES AT ENERGIES GIVEN BY ALTERN4TE VALUE5 W 

JSPEC - I U E X  SPECIFYING HIGHEST FULL ENERGY INTERVAL CENTERED AT hN 

EYID - ENERGY SPECIFYING LAST EMEFGY I* I fERVAL I N  SPEC'RUY YYCLUOl NG ENDPOIVT 

E eSP 

4LIEQNATE VALUE OF EBSR FOR WHICH I Y T F N S I f Y  IS WON-ZERP 

DIMENSICN E B S R ( l 1 r  FIE(l8r F I B S ~ 1 Z O L l r  ELOW(3Jr F L O U t 3 1  
COHPLEX*16 211 DCGAH. G4Y 

C ELErTRC!N REST MASS I N  MEV 
C FINE-STPUCTWE CONSTANT 
C 

C 
C DEFINE FUNCTIONS FOR C@NTINWUS ELECTRON SPECfPUM 
C 
C STATISTICEL FACTOR FOP 4LLOWED SPFCTPUY 
C 

C 
C FIRST-FOReIDDEN U N I  QUE CORQECTIOLJ F A C m P .  
C 

C 
C C!XJL9MB CCPRECfION FACTqR 
C 

C 
C I N I T I A L I Z E  STATISTICAL F4CT0RS AND YJMBER OF ELECTSONS 9s A FUNCTION OF EYERGY 
C 

DATA EYCt  FSCf  0.510976r  7.29729E-031 

FO( W e  ETA 9 WO)=W*ETA* ( ( W O - W  I **2.l 

Fl(W. ETA. WO8~ETA~+Z.~(WO-W1**2. 

FC(E1A. S t  YI GAMSO8=IETA**(2.*S8 8*EX~(3.14159*Y l*G4MSQ 

DO 10 I-1.1201 
F I B S (  I 8 e o 0  
IF ( I  o V o  C O O 8  GO TCI 10 
F I E (  18=0.0 

10 CONTINUE 
c 
C CALCULATE ATOMIC NUMBER OF OAUGHTES QUCLXZ)E 
C 

IF (IABS(NCD8 .€Q. 1 1  L O ~ A T N O * 1 o  
I F  (IABS(NCD8 .Fa. 28 tD=-(ATNO*l.) 

C 
C CALCULATE STATISTICAL FLCTQR FOR ELECTRON SPECTRUM AT EYERGIES GIVEN BY VALUES 
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1 .  

c 
C 
t 

C 
C 
C 

C 
C 
t 

C 
C 
r_ 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C '  
C 
C 

C 
C 
C 

c 
c .. 
C 

OF VAP IABLE EBSP ; CALCULATE INTEGRAL OF STATISTICAL FACTORS U S I W  
1 9 4  PE 2 0  I D  CL RULE 

I N I T I A L I Z E  IWEGPAL AND SET FIRST-FCRBIDDEY CFIIOUE CORRECTION FAT VQ SOQ A Y  
ALLCWED TR4WSITION 

AREASO. 0 
F 1 C s 1  0 

CALCULATE ENDPOINT FYEPGY I N  UNIT5  OF ELECTPON FEST MASS 

WO=EN/EW)*l. 

CALCULATE COYSTANT TEFY I N  COULPYB COQQECTION FACTOP 

S=SORT( l.-(ABS( ZOl*FSC)** 2.1-1 

CALCULATE STATISTICAL FACTORS A S  A FUPlrTI'3N OF ENERGY 

DO 1 I = i t 1 2 0 1  
I F  ( E B s w 1 1  .GT. EN) GO TO 2 

CALCULATE ELECTPON TOTAL ENERGY AYD H3MENTW 

WqEBSPt I1 /EMO+l. 
ETA=SORT( W W - 1 . 8  

C ALCULA TE F IRST-FOa BIDDEN UNIQUE COPP ECT! ON F A C f W  

I F  (YCD .CT. 01 F l C = F l ( W t  ETA, W31 

CALCULATE TERMS I N  C N L W B  CCRaECTIrJN FACTOR 

Y= LD*FS C* Wf E' A 

GAY=OCG4H( 21) 
GAHSO=G W*OCONJG( G4H) 

C ALCUL A TE STAT I ST IC AL F AC T9R 

Z l~DCMPU( (DBLE(  l . + S 1  e DOLE(Y 1 1  

F I B S (  I)=FO(W, ETA, WOl *F lC*FC(ETA~ S r  Ye GAHSO) 
1 CONTINUE 

SET I?iDEX Fr?R LAST ENTQY I N  ENERGY AND STATISTICAL FACTOR AQRAYS 

2 N S P E C t I - 1  

CALCULATE S T A 7 1 S T l C b L  F4CTOQ AT ZEPO ENEPGY USING OUADRATlC EXTRAPOLATlnY 

DO 3 I n 1 9 3  
ELOW( I l=EBSR( I+11  
FLOW( I l = F  I B S t  141  1 

3 CONTINUE 
F I B S ( l I ~ I ~ E R ( E B S R ( 1 ~ .  ELOW, FLEW, 0 1  39 38 

CALCULATE INTEGQAC OF STAT1 STICAL F A C X R S  

DO 5 Is2rNSPEC 



122 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

4REA=AREA+O.S*(FI?S I I 8*FIF!S( 1-18 I*( EBSP ( I  I -ERSR( 1-1 II 
4 C O Y T I N U E  

C 
C ADD COYTQ IWJTInN F R P V  ENEPGY !UTERVAL C O N T A I N I N G  € N D P @ l N T  EYERGY 
C 

C 
C C A L C U L A T E  YUHBEo OF ELECTRONS P E P  D I S I N T E S P A f I P N  A' E N E Q G I E S  G I V E * (  @Y 

ARFA=AFEA+O.5*F I B S ( N S p E C )  *I EN-EBSR( NSPECJ I 

AL'ERrJATE VALUES @F E e S Q  U S I N G  S I M P S O N ' S  R U L E  

C A L C U L 4 T E  I N T E R V A L  WIDTH AN0 S P E C I F Y  I N D E X  FCP. ENERGY FOP L A S T  FULL I Y T E S V 4 L  

DELENsE PSR(Z!-EBSR( 1 I 
J S P E C r N S P E C - 1  

C A L C U L A T E  SPECTPUY 

00 5 I = Z r J S P E C r Z  
DAP.EA=O EL EW ( F 195 ( I -  1 8 F I B S  ( I + 18 + 4. *F I B S( I 1 1 / 5  
J=I  1 2  
F I E (  J I= F I  *DARE A/ARE b 

5 C O N T I N U E  

C A L C U L A T E  C 0 Y T S I B U T I 9 N  SPECTRUM FPOY ENERGY TNTEDVAL C O N T A I N I N G  E Y O P n I Y T  
ENERGY W B I S E C T I N G  I Y T E R V A L  AYD U S I N G  S I Y P S O N ' S  R U L E  

I F  ( I  oEQ.  J S P E C I  GI? Tn 6 
E Y I D = I E C S R (  J S P E C ) + E N 8 / 2 .  
F B M I O = Y  I N T E R ( E M I D I  F B S P I  F T e S r  O r  31 V S P E C I  
DAREAS(  EN-EMID I * (  61 B S (  J S P F C  I + 4 . * F  BY13 1/3. 
GO ' 0  7 

6 E'lID=( E PSRtNSPFCD +€PI8 / 2 .  
F B Y I D = Y  I N T E R ( E M I D *  F R S R r  FIBS. Or  3 r  V 5 P E C )  
OAREA=( € N - E Y I O I + (  FI @ S ( Y S o E C  )+4.*F B H I D I / 3 .  

7 E I E  t J +l 81 F I * D A R  EA /AP ELI 
R E T U R N  
END 
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C 

C 
C CALCULATES THE INTEGPAL W E Q  THE GUnUNO SUPFACE O F  THE ELECTRON SChLED POINT 
C KECNEL I N  A I R  FOR A PARTICULAR ENERGY AND DISTANCE ABOVE GROUND 
C 
C E9 - ELECTPOY ENERGY FOR EVALUATION OF INTEGPAL 
C RNGAR - REFERENCE A P R A Y  OF ELECTR3V RANGES I N  AIR I N  G/(SOUAPE CMI AT 
C ENERGIES GIVEN RY VALUES OF EBR BELOW 
C 4 - DISTANCE ABOVE GPCWND FnP EVALUATIOh( OF INTEGRAL I N  G/(SOUARE Cut 

C ETYT - VALUE OF INTEGRAL W E R  THE GRCIUPID SURFACE OF THE ELECTRON SCALED 
C POINT KERNEL FUR ENERGY E@ AND DISTANCE ABOVE GPOUYO R 
C 

SUBROUTINE BGQND (EBI RNGARe P I  PANGEI E I N T t  

c RANGE - ELECTRON RANGF IN ~ I R  IN G/(SQUARE cnt FUQ ENERGY Ea 

DIMENSI@N RNGAP(1tr  E A R ( 8 1 r  ALPHAR(8tr  EARL(8t  
DIMENS104 REDISR(25) r  E B R ( 2 5 l r  S P K R 1 t 2 5 I r  SPKRZ(25)r  SPKR3(25)*  

2 SPKR4l2509 SPKP5(25) r  SFKR6(251* SPKR?(25 l r  SPKR8(251r S o K R 9 ( 2 5 I r  
3 S P K R l O ( 2 5 t r  S P K P l l ( 2 5 t r  S P K P l Z ( 2 5 t r  S P K R 1 3 t 2 5 t r  S P K 9 1 4 ( 2 5 t r  
4 SPKP15(25 ) r  S P K P 1 6 ( 2 5 t r  SPKPL7(25I  9 SPKR18(25 t r  S P K R L 9 t 2 5 t r  
5 SPKR20t25Jv SPKP21(25 ) *  $PKR22(251 9 SPKR23(25)r  S P K R 2 4 t 2 5 t r  
6 SPKR25 t25 ) r  S P K C ( 2 5 r 2 5 t  
0 IHENSI  CN ALPHEW ( 2 5  1 9 F A I R R  (25  925 t 9 9 INTZE (259 23) 9 01 SR (23) 

C 
C RATIOS OF DISTANCE FROM SOURCE POINT TCl ELECTRON RANGE FOR REFERENCE VALUES 1F 
C ELECTWON SCALED POINT KESYELS 
C 

DATA R E C l S R I  0.01 0.059 0.109 3.159 0.209 0.259 0.309 0.359 0.4001 
2 0.451 0.501 0.559 0.609 0.659 0 . 7 0 ~  0.759 0.80r 0.659 0.909 0.95. 
3 1.001 1.059 1.101 1.159 1.20/ 

C 
C ENERGIES FOR P.EFEQENCE VALUES OF ELECTRON RANGES AND SCALED POINT KERNELS 
C 

DATA E B W  
2 0.0609 
3 0.5009 
4 4-01 

C 
C REFEPENCE VbLUES 

REOISP=O.O 

DATA S P K R l f  

3 0. t 7 4 9  
4 0. e 3 5 9  

2 a. 544*  

SED ISPPO 05 

DATA SPKR2f 
2 0.5921 
3 0.708r 
4 0.8689 

REDISR=O. 10 

DATA SPKR3/ 

0.0109 0.015r 0.0209 0.0309 0.040r 
0.0809 0.100* 0.150r  0.2009 0.3009 
0.600, 0.8009 1 . 0 9  1.59 2 -09  

5 - 0 9  6.09 8-01 10.0/ 

n F  ELECTqON SCALED POINT KERNELS IN HATER 

0.5089 
0.5599 
0.6899 
0.841 9 

0 . 5 8 8 r  
0.6039 
0.727 9 

0.8759 

0.6639 

0.5089 0.5109 
0.5129 0.5959 
0.7149 0.7369 
0.841r 0.8399 

0 .5829  0.5769 
0.6129 0.6339 
0.7529 0.7741 
0.8779 0 - 8 1 3  9 

0.6549 3.6489 

0.5211 
0.611r 
0.711~ 
0.833/ 

0.5799 
0.6489 
0.8119 
0.8671 

0.6439 

0.5289 
0.6409 
0.7989 

0.5829 
0.67k9 
0.  8349 

0.6409 

0.0509 
O.QOO* 

3-01 

0.5369 
0.66 Ow 
0.82br 

0.5869 
0.69 09 
0.85 6 9  

0.6409 



C 
C 
C 

c 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

2 0.640, 
3 0.7449 
4 0.900. 

REDISRPO. 15 

DATA SPKR4/ 
2 0.688, 
3 0.184, 
4 0, S24r 

REDISP=O.  20 

DATA SPr(p5/ 
2 0.7401 

4 0.5501 
3 0.  e 2 i 9  

RED! SR=O.  25 

DATA SPKP6/ 
2 0.810. 
3 0 .  e659 
4 0.  S 7 0 r  

R E D I S R s O .  30 

DATA SPUR?/ 
2 0. S06e 
3 0.919, 
4 0.5789 

REDISRsO.  35 

DATA SPKPB/ 
2 1.0099 
3 0.9959 
4 1.002, 

SED I S R x O .  a 
DATA SPKP9/ 

2 1. 134, 
3 1.104. 
4 1.0289 

R ED I SP = 0 45 

DATA SPI(P10/ 
2 1.292, 
3 1 -24?,  
4 l . W 6 r  

REDISP=O. 50 

DATA SPKRLl/ 
2 1.428r 

0.6459 
0 .757.  
0.9059 

0.733, 
0.691r 
0.795 9 

0.929. 

0.803. 
0.741 9 

0.8329 
0 .949,  

0.894. 
0.8099 
0.8769 
0.9679 

0 .990,  
0.901 9 

0 .924,  
0.976r 

1.084, 
1.005 9 

1.0109 
0.996 

1.1959 
1.1319 
1 0999 
1.010, 

1.3051 
1.2949 
1.231 t 
1.0469 

1.3999 
1.430, 

Om 6 4 8 ,  
0 .784,  
0.9069 

0.717, 
0.C92r 
0 .820,  
0.930. 

0.781, 
0.744.  
0.8609 
0.9489 

0.869 9 

0.-808 9 

0.892 9 

0.966 9 

0.967. 
0.8999 
0.936. 
0.9729 

1.002. 
1.003r 
1.0129 
0.9921 

1.1729 
1 .131,  
1.0889 
1.0009 

1.281. 
1.2969 
1.2119 
1.032 9 

1.391 9 

1.432. 
1.355. 
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0.6619 
0 . 8 0 7 ,  
0 .903.  

0 .705.  
0.703, 
0.835.  
0.9259 

0.7699 
3.7579 
0.867. 
0.941 

0.8559 
0 . 8 2 0 ,  
0 .905 .  
0.9579 

0 .954 ,  
3 .8989  
0.9499 
0 .963.  

1 . 0 5 0 .  
0.9981 
1.0039 
0 .980 ,  

1.162. 
1.1239 
1.083r 
3.986,  

1 .271.  
1.2929 
1.1969 
1 .OlO* 

1 .389 ,  
1.4269 
1 .3781 

0.678 9 

0.8459 
0.897 1 

0.6969 
0.718, 
0.871,  
0.917/ 

0.751, 
0.7709 
0.8971 
0.9361 

0 .834,  
0.828. 
0.935 , 
0 .948 /  

0.9329 
0 e903 9 

0 .969,  
0.958 1 

1.032 9 

0.991. 
1.007r 
0 .964 /  

1.151, 
1.108s 
1.0719 
0.9761 

1.2739 
1.283, 
1.157r 
0 .988 /  

1.4039 
1 .428. 
1.285 9 

0.7029 
0.8669 

0.6901 
0 .745.  
0.8949 

0 .746 ,  
0.7919 
0.9201 

0 .820,  
0.845. 
0 .952,  

0.920r 
0.908, 
0 . 9 8 0 ,  

1.0229 
0.9969 
1.010. 

1 145,  
1.113s 
1 . 0 6 2 ~  

1.285,  
1.268. 
1.1349 

1.4171 
1.4051 
1.2329 

0.72 5, 
0.89 1, 

0 . 6 9 4  
0.76 5. 
0.91 39 

0.74 01 
0.807,  
0.94 1. 

0.814, 
0.85 5 9  

0.96 7 9  

0.912. 
0.91 2. 
0.9799 

1.01 OI 
0.9949 
1 .oo 7, 

1.140r 
I .  1099 
1.0439 

1.2909 
1025.6, 
1.093, 
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4 1.1199 1.0909 1.0659 1.0321 1.004/ 

R E D I S R Z O .  55 

DATA SPKR12/ 1.4729 1.475. 1.479, 1.5039 1.5259 1.5509 
2 1.556, 1.5629 1.5619 1.557, 1.5369 1.5229 1.5079 
3 1.498. 1.484. 1.4579 1.435. 1 . 3 8 0 ~  1.325. 102489 
4 .la1939 1.1499 ?.119* 1.066. 1.0241 

C 
C 
C 

C 
c 
C 

a m i  s ~ = o . a  
DATA SPKR13/ 

2 1.628. 
3 1.5799 
4 1.259. 

1.5049 
1.638. 
1.5639 
1.2119 

1.519, 
1.6459 
1.5299 
1.173. 

1.540, 
1.643. 
1.5Olr 
1.110. 

1.5789 
1.6399 

. le438 9 

1.054/ 

1.6079 1.6229 
1.6229 1.604. 
1.393, 1.31 a9 

C 
C 
C 

RFDf SRnO. 65 

DATA SPKR14/ 
2 1 s  634. 
3 1. COS. 
4 1.303. 

1.4769 
1 6449 
1.587. 
1.2579 

1.5039 
1.6499 
1.555. 
1.2179 

1.528, 
1.653, 
1 529. 
1.147. 

1.582r 
1.651. 
1.472 9 

1.086/ 

1.609r 1.624. 
1.6389 1.622. 
1.4239 1.360r 

C 
C 
C 

RED¶SR=O. 10 

DATA SPW,15/ 
2 1.5289 
3 1.5229 
4 1.3139 

REDISRm0.75 

DATA SPKR16/ 
2 1.3369 
3 1.351. 
4 1.2659 

RED ISRSO 80 

1 m3959 
1.5469 
1.5109 
1.2759 

1.4259 
1.557. 
1.489, 
1.2429 

1.449. 
1.563, 
1.4759 
1.179. 

1.479 9 

A.558. 
1.4409 
1.124/ 

1.501. 1.5169 
1.544. 1.534r 
1.4131 1.358. 

C 
C 
C 

1.2411 
1.3421 
1.3469 
1.249. 

1.274r 
1 3489 
1.3399 
I. 226 9 

1 299. 
1.354. 
1.334. 
l 0 1 8 1 r  

1.315 9 

1.359. 
1.319. 
1 1361 

C 
C 
C 

1.0849 1.080. 
1.071. 1.0711 
1.088r 1.11 1 9  

OATLI SPKP. 171 
2 1.076. 
3 1. C70r 
4 1 s  1259 

a m  I SP= 0.85 

1.0489 
1.0739 
1.067. 
1.1269 

1.090. 
1.0739 
1.067, 
1.130r 

1.0909 
1.0729 
1.077 9 

1 102/ 
C 
C 
C 

0.7801 0.76 8, 
0 . 7 3 5 ~  .0.7351 
Oe782c 0.8621 

DATA SPUR181 
2 0.7649 
3 0 .  f361 
4 0. SO09 

REDISR=O. 90 

DATA SPKp.19/ 
2 0.484. 
3 0e422r 
4 0.6099 

0.803 
0.7571 
0.7399 
0.945 9 

0.819r 
0.752 e 
0.7421 
0.962 9 

0.815r 
0.743. 
0.748. 
0.9869 

0.796 9 

0.7409 
0.765 t 
0.9981 

C 
C 
C 

0.548. 
0.4699 
0.424. 
0.654. 

0.5589 
0.4619 
0.427, 
0.6941 

0.5529 
0.446. 
0.4319 
0.156. 

0.5239 
0.4309 
0.4559 
0.803/ 

0.5069 0.492. 
0.429. 0.425r 
0.481. .0.552* 

C 



C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 

REDISRn0.95 

DATA SPKRZOI  
2 0.264. 
3 0 .  185r 
4 0.311r 

QEOI S P m  1.00 

DATA SPUP21/ 
2 0.1269 
3 0.058.  
4 0. 129. 

QED I S P s  1. C5 

DATA SPKP22t 
2 0.066. 
3 0. c10. 
4 0.028r 

R E D I S R n l .  10 

DATA SPKP23/ 
2 0.013. 
3 0. C02.  
4 0.005r 

QEDISPs1.15 

DATA SPKR2Cf 
2 0. 000. 
3 0.000. 
4 0.001. 

RED1 SRP 1.20 

DATA '3PKR25/ 
2 0.000. 
3 0.000. 
4 0.000. 

0.329. 
0.248. 
0. 183r 
0.352.  

0.179. 
0.114. 
0.056. 
0.155. 

0.070. 
0 . 0 5 8 .  
0.010. 
0.036r 

0.024.  
0.011 . 
0.002r 
0.008. 

0.000. 
0.000. 
0.000 . 
0.002. 

0.000. 
0.000. 
0.000. 
0.000. 

0.339. 
0.237 
0 .  1841 
0.388 

0.185. 
0.100. 
0.056 
0.181. 

0.072 . 
0.042. 
0.009. 
0.045 9 

0.0231 
0.009. 
0.001. 
0.012. 

0.000. 
0.000. 
0.000. 
0.003 

0.000. 
0.000. 
0.000. 
0.000. 

126 

0.335. 
0.219. 
O.,19?r, 
0.465. 

0 . 1 8 l r  
0 . 0 8 6 .  
0 .058.  
0.235. 

0.073 e 
0.026. 
0.008. 
3.067.  

0.021. 
0.007. 
0.001. 
D.018r 

0.000.  
0.000. 
0 .000.  
0 .006.  

0 .ooo. 
0.000.  
0.000. 
0.001. 

0.313. 
0.213. 
0.206. 
0.542/ 

0.164. 
0.076. 
O o O 6 C  e 
0.295/ 

0.074r 
0.020. 
0.008. 
0.098/ 

0.019. 
0.005. 
0.001. 
0.025/ 

0.000. 
0.000. 
0.000. 
0 m008 / 

0.000. 
0.000 r 
0.000. 
0.003/ 

0.290. 
0.193. 
0.230. 

0.148. 
0.064r 
0.078. 

0.072.  
0.014r 
0.013. 

0.016. 
0.003. 
0.002. 

0.000. 
0.000. 
0.000. 

0.000r 
0.000. 
0.000. 

0.274. 
0.18 9. 
0.273. 

0.13 4r 
0.06 0. 
0.104. 

0.07 01 
0.01 2. 
0.020. 

0.01 5. 
0.002r 
0.003. 

0.000. 
0.000. 
0.00 I. 

0.000* 
0.00 0. 
0.00 0. 

C ENERGIES FOR QEFEOENCE VALUES OF SC4LING PARAMETER 
C 

DATA EAR/ 0.010. 0.020. 0.050. 0.100. 0.2001 0.500. 1 . 0 9  
2 2 . O I  

C. 
C REFERENCE VbLUES O F  SCALING PARAMETEP TI? CONVERT ELECTRON SCLLEO P O I W  KERNEL? 
C I N  WATER TO VALUES I N  A I R  
C 

DATA ALPHARI 1.025. 1.023. 1.022. 1.0219 1.02lr 1.022. 1.020. 
2 1 .o 14/ 

C 
C DEFINE EQUIVALENT TUP-DIMENSIONAL AQ?AY O F  ELECTF.@N SCALED P O I N T  KERNELS IN . 
C W4TER 
C 

EQUIVALB(CE (SPUff ( I t  11 e S P K R l t l I  J ( SPKQt 11 2 1  t SPKPZt 1) 1. 
2 ( SPKR( It 31 SPKP3( 1) 1. ( SPKR( I t  41 SPKR4( 1 I 1 t (SPKR( I t  5) 
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C 
C 
C 
C 
c 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 

OF THE ELECTSON SCALED POINT KERNFL IN AIR AT ENERGIES GIVEV 9r VALUES OF 
E09 AND LCWES L I P I T S  OF I Y T E G R A T I 3 V  G I V E N  BY VALUES OF REDISR 

CALCULATE SCALING PARAMETERS TO CONVEPT SCALED P O I N T  KEPNELS I N  WATER TO 
VALUES I N  4IR AT ENEQGIES G I V E N  P Y  EBR: USE LOGAPITYM OF ENERGIES EA5 FFQ 
I NTER PO L A 1  IOrJ 

00 2 I = I r 8  
E A R L ( I l = A L O G ( E b P (  1 ) )  

2 CONTINUE 
DO 3 I a l r  25 
ALPHER(I)sYIYTEP(AL@G(EBR(I))r E A P L r  ALPHARr 01 3 r  81 

3 CONTINUE 

CALCULATE TWO-DIHFNSIONAL ARRAY c)F SCALED POIPIT KERVELS I N  A I R  

DO 4 I = l r 2 5  
DO 5 J x l r 2 5  
I F  ( J  .LE. 231 GC' T C  10 

SCALED PCIW KERNELS IN AIR APE T A K E ~ J  EQUAL i n  VALUES IN WATER ~r TWO 
LARGEST DISTANCES 

F A I P R  t I r J l = S P K R (  I 9 J l  
GO TO 5 

CALCULATE SCALED DISTANCE IN! A I P  

10 ATRsALPHEP f I *RED1 SP ( J  l 

CALCULATE SCALED Q n I N T  KERNEL I V  A I R  

F A I P R ( I r J l = A L P H E R ( I ) * O I N ~ € ~ ( E B ~ ( l ~ r  A'Rr EBQr R E D I S R r  SPKOr 259 
2 24r 4,  258 

5 COYTINUE 
4 CONTINUE 

CALCULATE INTEGRALS AT EACH ENERGY U S I Y G  SIYPSOM'S PULE 
..r 

00 6 l = l r  25 
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C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 

8 

9 

11 

7 

13 

15 
14 

12  

CALCULAlE INTEGRALS AT REDISR=O.O5r 0.15, 0.25, . . . e  1 - 1 5  

00 7 J=212412 

I N I T I A L I Z E  INNER TERMS I N  SIMPSON'S RULE 

T2=0.0 
T3eO 0 

CALCULATE OUTER TERM PSSUMING SCALED POINT KERNEL IS ZERO AT REDISR=l.25 

T lsFA I R  R( I J I / R E D I S R  ( J  1 

CALCULATE INNER TERMS 

~ 1 ~ ~ 4 1  
00 8 K a J l r 2 5 r 2  
T 2 = 1 2 4 F A I R R ( I , K I / R E O I S R ( K )  

I F  ( J  .EO. 24) GO T O  11 

DO 9 K ~ J 2 r 2 4 . 2  
T39T36F A I  RR( I 9 K I /REO1 SR (K I 

CONTINUE 

J 2 = J + 2  

CONTINUE 

REDEFINE INDEX FOR VARIABLE REOISR SO THAT VALUE IS ONE AT R E O I S R ~ O . O S  

K I J - 1  

COMBINE TERMS TO OBTAIN INTEGRAL: INTERVAL WIDTH IS 0.05 

R I NT Z E ( 1, K )rO 0 5* ( 1 1 44. o+ T2+2 O* 13 b / 3 
CON1 I NU E 

CALCULATE INTEGRALS AT REOISR=O.lO, 0.201 0.30r .-e* 1.10 USING SAME 
PROCEWRE AS ABOVE, FXCEPT FOR ASSUYPTION FOR OUTER TERM 

00 12 J13rUr2  
12PO.O 
T3nO.O 
1 LnF AIRRt I , J I /REO 1SP ( J I *FA I p R  I 1 9  2 51 /PED I SR( 25 I 
Jl=J+l  
00 13 K n J l r 2 4 r 2  
12=12+FAIRR( 1, K B f  R E D I S R l K I  

I F  ( J  . M e  231 GO T@ 14 
CONI I NU E 

J 2 = J * 2  
DO 15 K=J2*23r2  
T3nT3 tFAIRR(  I , K I  / R E D l S R ( K  I 
CON1 !NU€ 
K=J-1 

CON1 I NU E 
R I N f Z E (  I . K ) ~ O . O S * ( T 1 ~ 4 . 0 * T 2 * 2 o O * T 3 ~ f  3. 

6 CONTINUE 

C DEFINE NEW WFERENCE ARPAY OF SCALED DISTANCES 
C OF I N T E G R A T t W  FOR WHICH REFEP.ENCE INTECRdLS 
C VARtABLE 

COPRESPONDING TO 
WERE CALCULAW3: 

LOWER L I W I T S  
RESFT LOGICAL 
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C 
00 16 r a i r  23 
or SR t r o 4 E O ~ S ~  ( r + i i  

16 CONTINUE 
F I R S T P  FALSE. 

C 
C CALCULATE ELECTRON QANGE I N  A I R  AT EYERGV EB I N  G/(SOUARE CHI 
C 

C . .  
C CALCULATE IWEGRAL OVER GROUNO SURFACE FOR ENERGY EB AND OIST&NCE ABOVE GROUYD 
C R  
C 

1 RANGE=YINTER(EBI €BPI RNGARI 01 31 25)  

TLOWERS RfRANGE 

RETURN 
END 

. .  . .  
.. - 1 .  

. .  . 

- # . .  

. .  
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C 

C 
C PERFORMS L A G R A N G I A N  I N T E R P O L A T I O N  OF A F U N C T I O N  OF TWO V A R I A B L E S  
C 
C B A S E 0  ON DOUBLE P R E C I S I O N  I Y T E R P O L A T I O N  F U N C T I O N  OLAG OESCPIBEO I N  WION 
C C A R B I D E  P U B L I C A T I O N  C f C - 3 9  
C 
C XX - A B C I S S A  OF O F S I R E O  I N T E R P O L A T I O N  P O I N T  
C YY - O R O I N A T E  OF O E S I R E O  I Y T E R P O L 4 ~ I O M  P O I N T  
C X - S I N G L Y  O I M E N S I O N E C  4RQAY OF 4 B C I S S A S  
C Y - S I N G L Y  O I M E N S I O N E O  ARQAY OF O R D I N A T E S  
C Z - OOUBLY O I M E N S I O N E O  ARQAY OF F U N C T I O N  V A L U E S  G I V E N  B Y  Z ( I I J D =  
C F ( X ( I  Dry( JD t 
C NX - NUMBER O f  ELEMENTS FOP THE X-ARRAY 
C NY - NUMBEP OF E L E M E N T S  F’YP THE Y-ARF.AY 
C M - NUMBER O F  P O I N T S  IS M*!4 FOR THE I N T E R P O L A T I O N  
C IO - F I Q S T  D I M E N S I O N  OF Z I N  C A L L I N G  PROGRAM 
C 

F U N C T I O N  O I N T E R ( X X I  YYI XI Ye  21 ‘4x1 NYI Mv IOD 

D I M E N S 1 0 1  Z l 1 0 1 1 1 1  X ( l 1 1  Y (  111 X L A G ( 1 0 0 1  
L O G I C A L  QUITXI  O U I T Y  

C 
C I N I t I A L I Z E  
c, 

QUITX=.  FALSE. 
QUITY- .  FALSE. 
Y 1 4  
I EXTX=O 
I E X T Y  00 

C 
C F INO THE R A G E  OF I N T E R P O L A t I O N  ALONG X 
C 

I F  ( M l  .LE. NXD GO TO 10 
Y 1=NX 

10 00 20 I = l r N X  
I F  ( X X - X ( I l #  301 901 20 

20 CONT!NUE 
I E X T X = l  
GO ’ 0  80 

30 M I O X t I  
I F  ( M I O X  .GT. 11 GO 10 40 
r E x i x = - i  
GO TO 5 0  

I S X P T n M  IOX- (  M 1 / 2 1  
GO TO 60 

40 TF ( A B S ( X X - X ( W I D X 0  .CEO A B S ( X X - X ( M I D X - l b # #  GO TI! 50 

50 I S X P T 4  IOX-(  ( Y 1 * 1 # / 2 l  
60 I F  ( I S X P T  .GT. 01 G@ TO 70  

r SXPT= 1 
TO I E X P T = I S X P T + Y l - l  

I F  ( I E X P T  .LE. N X t  GO Tr) 100 
80 I S X P T = N X - M l * l  

I E X P T r Y X  
GO T O  1co 

90 0UITXs.TRUE. 
C 
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C F I N D  THE RAhGE OF I N T E R P O L A ~ I O N  ALONG Y 
C 

100 M I 4  
I F  f M l  .LE. N Y I  GO TO 110 
Y 1=NY 

110 DO 120 J r l r N Y  

120 CONTINUE 
I F  f Y Y - Y ( J I I  I 3 0 1  1901 1 2 0  

I EXTY =l 
GO TO 180 

130 Y IDY=J  
IF ( M I D Y  .GT. 1) GO TO 1 4 0  
I EX TY =- 1 
GO TO 150 

ISYPT=MIDY-(HL/2I  
GO TU l m  

1 5 0  I SYPT=Y 1DY-t ( M I  * I  112  D 
160 I F  ( I S Y P T  .Gf. 0 )  G@ TO 170 

I S Y P T = l  
170 I E Y P T = I S Y P T t Y l - l  

I F  ( I E Y P T  .LE. N Y I  GO 13 200 
1 8 0  ISYPT=NY-Ml+l  

I EY PT=YY 
GO TO 200 

190 QUIlY=.TRUE. 
2 0 0  I F  (OUITX .AND. O U I T Y I  GO TO 2 7 0  

I 4 0  IF I A B S ( Y Y - Y f Y I D Y I I  .GE. ABS(YV-Y(MIDY-I I ) )  GO TO 1 5 0  

I F  (OUITX .AND. .NOT. OUITY) GO T O  2 4 0  
I F  (.NOT. OUI'X .AND. O U I T Y I  GO ' 0  230 

C 
C INTERPOLATE ALONG X 
C 

210 DO 2 2 0  K=ISYPT*IEYPf 
2 2 0  CALL INTER (XXI  Z ( l r K ) t  XI ISXPTI I E X P T I  X L A G t K I I  

230 CALL I N l E R  (XXI  Z ( 1 I J I r  XI ISXPfe IEXPTq  XLAG(J)@ 
G@ r O  2 6 0  

D I N 1  EQ = XC AGf J I 
GO TO 280  

C 
C INTERPOLATE ALONG Y 
C 

2 4 0  00 2 5 0  L = I S Y P ~ r I E Y P f  
2 5 0  X L A G ( L D = Z l I r L l  
2 6 0  CALL INTER (YYI  XLAGI YI TSYQTI I E Y P T r  YLAG) 

DINTER= YL AG 
GO TU 2EO 

270 DINTER=Z( I IJ I  
2 8 0  RETURN 

END 
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- ,  
C 

C 
C 4N !YfEP?fJLATION RCIUTINE Q E S C Q l B E O  1'4 UNION CARBIDE CUBLICATlbY CTC-39 

SUSPOUTIWE I N T F k  I P T ,  FUN, (?Roe !SOT, ! € P I ,  &LAG) . . 

C 

10 
20 
30 

, .  ! 

. .  
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- <  
C 

F U N C T I O R  O C G A Y t Z I  ' 

C 
C CALCULATES GAMMA F U N C T I O N S  f% A COYPLEX APGUMENT U S I Y G  A S E R I E S  E X p d Y S I O Y t  SCE 
C HANOBOOK CF MATHEMATICAL FUNCTIOYSt PGo 256 
C 

C O Y P L E X * 1 6  21 2 SUM, OCGAY 

DATA C/  1.0. 5.7721566490153290-011 -6. 5587807152025380-01. 
DOUBLE P a E C l S I O N  C l 2 6 I  

2 -40 200263503409520-021 1.6653861 138229150-01* 
3 
4 -1016516759185910-039 -2.15Z41t7411490-041 102805028238820-04. 
5 -2.01348S478070-051 -1.250493482 10-061 1 13302723200-061 
6 -2.05633 84170-07. 6. 11609500-099 5 0020075D-09r - 1 .18127460-09 
7 1.0434270-101 7o78230-12r -3069680-?2r 5.1000-13r -20060-14r 
8 -5.40-151 1.40-15* loD-10/ 

-4.219 77 345 5 5 564 30-02 9 -9 62 19 7 1 5 2 78 7 700-03 9 1.2 1 894 32466 630O- 03 9 

S U M ~ 0 . 0 0 0  - 
00 1 In11 26 
SUM-SUM 9 I I I*l Z+*T 1 

1 C O N T I N U E  

RETURN 
END 

DCGAM=l oOD0ISUM 
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C 

C 
C WRITES DOSEdATE CONVERSIQN FACTOQS I N  TABLES AND @N PUWHEO CAQDS 
C 

SUBPOUT 1NE DOSOUT 

OIMENSIRI  I Y U C L ( 2 I r  T H A L F t 3 I  
D I M E N S I C N  DOSE(9 I r  OlYSOSG(3r24Ir DCSORBi3 rS I r  DFSSKrJ(31 
CqYMON/ BLK1/  I Y U C L r  THALF 
COMMON/ @LK5/  OOSFr DCIS'3RGr DOS3RBr DOSSKN 

C 
C YAXIYUY NUMPER OF L INES PER PAGE F W  EACH TYPE OF DOSE-9ATE Cc)NVEQSIOY FATTOR 
C T4BLE 
C 

C 

C 
C TEST FOR F I Q S T  T I Y E  THRCUGH SUBQCUIINE 
C 

C 

C 

DATLL M4XLDF/49/r  MAXLCIF /2 5 / r  MAXSKN/49/ 9 MAXSKT/49/ 

LOGICAL F IRST/  .TRUE./ 

I F  (.NOT. F I Q S T I  GO 10 1 

c INITIALIZE LINE cnuw FPR E A C H  TABLE AND RESET LOGICAL v m r A e L E  

LINDF=O 
L INORG=O 
L !YSKN=O 
L INSKT=O 
F I P S T s .  FALSE. 

C 
C WRITE DOSE-RhTE CrJNVERSInY FACTORS 1'4 TABLES 

3 WRITE (16r41 INUCL. fHALFr 
4 FORMAT l lHOr 2A41 1x1 3A4r 

WRITE (18.41 INUCLr THALFr 
WRITE ( 17941 I N U C L I  T'HALC* 

WRITE (2294D' IMUCLr THALFr 
WRITE ( 2 3 r 4 1  INUCLr THALFr 
WCITE (24.4) INUCLr TYALFr 
WRITE t 28.41.  INUCLr THALFr 
WRITE ( 2 9 9 4 1  INUCLr TYALFr 
WRITE ( N e 4 1  INUCLr THALFr 
'L I N@RG= L! NrJQGe 1 

1 r J I r  h l r 8 )  

1 r JI r 
11 JD r J t L 7 r 2 4 1  
2r JI r J z l r 8 I  
2 r  J I r  Ja9r161 
2 r J I  r J s 1 7 r 2 4 )  
3 r  J I  r J s l r 8 1  
3 r J ) r  J e . 1 6 1  
3 r  J I  r J=17r241 

, . Z I l  
Js9r 16 I 
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TF ( L I N C R G  .CT. MAXLOFI  G f l  TO 5 
ChCC P Q I N T  (71 
L INORG=O 

ELECTRON S K I N  DOSE-RATE CPNVEPSION FACTORS FCR THREE EXPOSURE YDOES 
I ,  

5 WRITE (1992 t  I N U C L r  Tt44l.Fr ~ D O S O R 8 ( 1 r J I r  Js l r31r  DOSORB(lr5Ir 

WRITE ( 2 5 r 2 1  I N U C L r  T+fAl.Fr ( D 0 S O P R ( Z r J 1 r  Jslr3Dr O O S O R B ( Z r S 1 r  

WRITE (3lr7.I I N U C L r  THACFr ( O @ S 3 @ 8 ( 3 r J ) r  J s l r 3 ) r  D O S O R 9 ( 3 r S ) r  

2 O O S O R B ( l r 4 I  

2 DOSORB (2 r 41 

2 D 0 S O P 5 ( 3 * 4 I  
L !NSKN=LINSKN* l  

C A L L  P R I N T  ( 8 1  
L?YSKN=C 

I F  ( L I N S K N  .LT. YAXSK(h0 G@ TO 11 

PHDTDN, ELECTPOYr A N 0  T014L DOSE-PITE CONVERSION FhCTORS FO4 S K I V  FOR THREE 
EXPtrSUR E MODES 

11 WRITE ( 2 0 . 2 )  I Y U C L r  T H 4 L F r  0 ! 3 S O P G ( l r l 7 1 r  D C ' S O P B ( l r 4 ) r  D P S S K Y ( 1 1  , 

W R I T E  (26.2) I N U C L r  TIiAl.Fr D O S O P G ( Z r l f ! r  O O S O R R ( 2 r 4 J r  DDSSKN(2)  
W 9 I T E  ( 3 2 r 2 1  I N U C L r  T H A L F r  D O S O ~ G ~ 3 r 1 7 1  r O O S O P B I 3 r 4 I r  O @ S S K Y O 1  

I F  (LINSKT .LT. Y A X S K T I  GO TC! 9 
L I N S K T = L I N S K T + l  

C A L L  P Q I N T  (91 
L I YSKT= 0 

C 
C WRITE DOSE-RATE CONVERSIOY FACTORS ON PUNCHEO CAPOS 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

RAOIONUCC !DE I O E N T I F I C A T I O N  

9 WRITE ( 7 r 6 1  I N U C L r  V4Al.F 
6 FORMAT ( 2 A b r  2 X t  3 A 4 I  

PHOTC)Nr ELEC'PON, AN0 TOTAL BODY-SURFACE W S E - R A T E  COWVERSION FACTORS FOR 
THREE EXPOSURE MODES 

WRITE ( 7r 71 DOSE( 1) DDSE(4)  r DOSE( 7 )  
7 FORMAT (8 t ',DE 10.2 11 

WRITE (7.71 D O S E ( 2 J r  OOSE(51r D O S E t 8 1  I .  

W P I T E  ( 7 ~ 7 1  D O S E ( 3 t r  DOSE(6 t r  D O S E ( 9 1  

PHOT@N ORGAN DOSE-RATE COYVERSION FACTORS FOG W R E E  EXPOSUPE .r(OOFS 

DO 8 I = l r 3  
WRITE t 7r 7 1 I OOSORG ( I r J J r J= l r  24t  , '  

8 C O N T I Y U E  

ELECTRON S K I N  DOSE-RATE C'3NVERSION FACT'7PS FOR THPEE EXPClSURE WYOES 

PHOTON. ELECTRON. AN0 TOTAL DOSE-RATE CONVERSION FACTORS FPQ SKIrJ FOR THREE 
EXPOSURE MODES 
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APPENDIX B . .  
. I  . 

, .  

TABULATION OF EXTERNAL DOSE-RATE CONVERSION FACTORS ' 

A t abu la t i on  o f  the dose-rate conversion factors  f o r  external  

exposure t o  photons and electrons ca lcu lated f o r  the 496 radionucl ides 

o f  p o t e n t i a l  importance i n  environmental rad io log i ca l  assessments i s  

given on the fo l l ow ing  pages. Dose-rate factors  f o r  immersion i n  con- 

taminated a i r  ave given f i r s t ,  fol lowed by the values f o r  immersion i n  

contaminated water, and then exposure t o  a contaminat3d ground surface. 

For each exposure mode, the dose-rate factors  f o r  photons and electrons 
a t  the body surface are given f i r s t ,  fo l lowed by photon dose-rate 

fac to rs  f o r  the 24 body organs, e lect ron dose-rate fac to rs  f o r  radio- 

sens i t i ve  t issues o f  the skin, and a t a b l e  summarizing the photon and 

e lec t ron  dose-rate fac to rs  f o r  skin. 

The user o f  these r e s u l t s  should note t h a t  possible contr ibut ions 

from radioact ive daughter products are not included i n  the tabulated 

values f o r  any o f  the radionucl ides. We a lso note t h a t  f o r  a few 

radionucl ides, a l l  photon and e lect ron dose-rate fac to rs  are zero; 

these radionucl ides e m i t  only alpha p a r t i c l e s  i n  t h e i r  decay. A l l  

dose-rate factors  a lso assume exposure f o r  100% o f  the t i m e .  

l a r l y  f o r  water immersion, the user should reduce t h e  dose-rate fac to rs  

by an appropriate amount based on a more r e a l i s t i c  exposure time. For 

t h i s  exposure mode, it i s  reasonable t o  assume exposure f o r  1% o f  the 

time. 

Part icu- 

I 
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DOSE-QaTE COWERS ION FACTORS FOR I Y M E R S  ¶ON I N  CONTAYINATED A I R  

OOSE RATE AT BODY SURFACE FOR A I R  CONCENTRAfI@N OF 1 BQ PER CUBIC C M  

NUCLIOE 

H-3 
9E-7 
9E-LO 
c-11 
C-14 
Y- 13 
N-16 
0-15 
F-18 
YA-22 
WA-24 
YG-27 
YG-28 
ac-26 
~ L - Z B  
SI-31 
SI-32 
P-32 
P-33 
5-35 
CL-36 
CL-38 
AR-37 
4R-3 9 
AR-41 
K-40 
K-42 
K-43 
CA-41 
C A-45 
CA-47 
c a-49 
sc-44 
SC-46 
SC-46M 
sc-47 
sc-48 
sc-49 
TI-44 
TI-45 
TI-51 
V-48 
v-49 
V-52 
CR-49 
C R-5 1 
MN-52 
MN-52M 
MN-53 

HALF -L I FE 

12.28 Y 
53.44 0 
1.6E6 Y 
20.48 M 

5.73E3 Y 
9.97 Y 
7.13 S 

122.24 S 
109.75 M 

2.602 Y 
15.00 H 
9.458 M 
20.91 H 
7.2E5 Y 
2.240 M 
157.3 M 
3.3E2 Y 
14.29 D 

25.4 D 
87.44 0 

3.OlE5 Y 
37.21 M 
35.02 D 

269 Y 
1.827 H 

1.277E9 Y 
12.36 H 

22.6 H 
1003E5 Y 

162.7 0 
4.536 0 
8.719 
3.927 H 
83.80 D 
18.72 S 
3.422 0 
43.67 H 

51.4 Y 
47.3 Y 
3.08 H 

5.752 M 
15.971 0 

330 0 
3.75 M 

42.09 W 
27.704 0 
5.591 0 

21.4 M 
307E6 Y 

PHOTON 
DOSE R I T E  

t SV/YR I 

0.0 
1.15F-01 
0.0 
2.ME 00 
0.0 
2.36E 00 
1.06E 01 
2.36E 00 
2.29E 00 
5.1OE 00 
9.62E 00 
2.07F 00 
3.19E 00 
6.23E 00 
4.16E 00 
2.07E-03 
0.0 
0.0 
0.0 
0.0 
3. 23E-06 
3.48E 00 
4.53E-04 
0.0 
2.99E 00 
3.64E-01 
6 44E-0 1 
2.24E 00 
8. 31 E-04 
9.37E-10 
2.48E 00 
7.38F 00 
4.97E 00. 
4.68E 00 
2.00E-01 
2.43E-01 
7.80E 00 
2. ME-03 
3.OlE-01 
2.02E 00 
8.47E-01 
6.18E 00 
1081E-03 
3.37E 00 
2041E 00 
7.45E-02 
8.05E 00 
5.60F 00 
2.79E-03 

FL ECfRON 
DOSE PATE 
[ S V / Y R I  

1.41E-02 
0.0 
4. 9 lE-01 
9.29E-01 
1.21E-01 
1.18E 00 
6.40E 00 
1076E 00 
5.85E-01 
4.71 E 0 1  
1.33E 00 
1.68E 00 
3.91E-01 
1.07E 00 
2.96E 00 
1.43E 00 
1.58E-01 
1.67E 00 
1.86E-01 
1.19E-01 
6. 03E-01 
3.65E 00 
4.81E-03 
5.30E-0 1 
1.12E 00 
1.09E 00 
3042E 00 
7.37E-01 
5.65E-03 
1 88 E-01 
8.31E-01 
2.09E 00 
1.44E 00 
2. 72E-01 
1.28E-01 
3.96E-01 
5.33E-01 
1.97E 00 
2 64E-02 
8.99 E-0 1 
2.07E 00 
3.57E-01 
8.42E-03 
2.55E 00 
1044E 00 
8 . 9 2 5 0 3  
1.79E-01 
207OE 00 
9.44E-03 

TOTAL 
DOSE R4TE 

t SV/VQ 1 

1 41  E-0 2 
1.15E-01 
4.91E-01 
3029E 00 
1. 21E-0 1 
3.54E 00 
1.70E 01 
4.13E 00 
2.87E 00 
5.57E 00 
I o l O E  0 1  
3.76E 00 
3.58E 00 
7.30E 00 
7.12E 00 
1043E 00 
1. 58E-01 
1.67E 00 
1.86E-01 
1.19E-01 
6.03E-0 1 
7.12E 00 
5.26E-03 
5.30E-01 
4. l lE 00 
1m-E 00 
4006E 00 
2.98E 00 
6.48E-03 
?.88E-01 
3.31E 00 
9.47E 00 
6.4OE 00 
4.95E 00 
3.28E-01 
6.39E-01 
8.34E 00 
1.98E 00 
3.27E-0 1 
2091E 00 
2.92E 00 
7.14E 00 
1.02E-02 
5.93E 00 
3.85E 00 
8.34E-02 
8.22E 00 
8.31E 00 
1.22E-02 
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DOSE-RA1.E CONVERSION FACTORS FOR IMMERSION I N  CONTAMINATED A I R  

OOSE RATE A T  BOOY SURFACE FOP. A I R  CONCENTRATION 3F 1 BO PER CUBTC C M  ’; 

NUCL IDE 

MN-54 
YN-56 
YN-57 
SE-5 2 
FE-55 
FE-59 
CO-56 
co-57 
CU-58 
CO-58W 
CO-60 
C 0-60M 
CU-61 
NI-56 
NI-57 
N I  -59 
NI-63 

. NT-65 
CU-61 
C U-6 2 
CU-64 
CU-61 
ZN-62 
ZN-65 
ZN-69 
ZN-69M 
GA-66 
64-61 
GA-68 
GA-72 
GE-68 
GE-71 
GE-77 
AS-72 
AS-73 
AS-74 
AS-76 
AS-77 
SE-73 
SE-75 
SE-79 
9R-7 7 
BR-80 
BIZ-BOH 
8R-82 
BR-83 
05-84 
8R-85 
K4-79 

HALF-L I F E 

312.7 Q 
2.5785 H 

1 - 4 1  M 
8.275 H 

2.1  Y 
44.63 D 
78.76 0 

70.80 D 
270.9 Q 

9.15 H 
5.271 Y 
10.47 M 
1.650 H 

6.10 D 
36.08 H 
705E4 Y 
100.1 Y 
2.520 H 
3.408 H 

9.74 M 
12.701 H 
61.88 0 

9.26 H 
244.4 0 

55.6 M 
13.76 ti 
9.40 H 

3.261 0 
68.0 M 
14.1 H 

11.8 0 
11.30 H 
26.0 H 

80.30 0 

26.32 H 
38.8 H 
7.15 H 

119.78 Q 
6.5E4 Y 

288 0 

17.77 0 

51.04 H 
17.4 H 
4.42 H 

35.30 H 
2.39 H 

31-60 M 
172 S 

35.04 H 

PHOTON 
DOSE R 4 T E  

( SV/YQ I 

1.94E 00 
3.94E 00 
1.71E-01 
1.69E 00 
3. 37E-03 
2077E 00 
8.41E OD 
2. 77E-01 
2027E 00 
4.10E-03 
5.84E 00 
1.44E-02 
2.00E-01 
3.98E 00 
4.47E 00 
4.82E-03 
0.0 
1.28E 00 
1.91E 00 
2.33E 00 
4.41E-01 
2 0 59E-01 
1.05E 00 
1036E 00 
1 38 E-05 
9.61 E-01 
5.78E 00 
3.36E-01 
2.20E 00 
6.31E 00 
8. 41 E-03 
8.50E-03 
2.46E 00 
4.14E 00 
3.25E-02 
1.78E 00 
9. 98E-01 
1. 97E-02 
2.52E 00 
8 90 E-0 1 
0.0 
7038E-01 
1 74E-01 
4.93E-02 
b.15E 00 
1 72 E-02 
4.17E 00 
1 54E-01 
5.93E-01 

EL ECfRON 
DOSE RATE 

( S V I Y R I  

9.44E-03 
1.98E 00 
2.66E 00 
4. 78E-01 
9. 89 E-03 
2.85E-01 
2.97E-01 
4. 50E-02 
8.16E-02 
6.07E-02 
2.33E-01 
1.38E-01 
1 0 1 3 E  00 
1 60E-02 
3045E-01 
1.07E-02 
4.2lE-02 
1.52E 00 
1.44E-01 
3.07E 00 
2.97E-01 
3.78E-,01 
7.47 E-02 
1. 62E-02 
7.16E-01 
5.32E-02 
2.30E 00 
8. 13E-02 
l o 7 l E  00 
1.2OE 00 
1.17E-02 
1.18E-02 
1.57E 00 
2.47E 00 
1. 47E-01 
6.48E-01 
2.54E 00 
50 54E-01 
9. 39E-01 
3. 21E-02 
1.27E-01 
1.99E-02 
l.74E 00 
1.soE-01 
3031EOl 
7.14E-01 
2.98E 00 
2.4OE 00 
5 73 E-02 

TOTAL 
DOSE PATE 

( SV/YR) 

1.95E 00 
5093E 00 
2.83E 00 
2.17E 00 
1033E-02 
3.06E 00 
8.11E 00 
3.22E-0 1 
2.35E 00 
6. 48E-02 
6.08E 00 
1 52E-0 1 
1.33E 00 
4.00E 00 
4.81E 00 
1.55E-02 
4.21E-02 
2.80E 00 
2.65E 00 
5.40E 00 
7. 38E-0 1 
6. 37E-01 
1.13E 00 
1.38E 00 
7. 76E-01 
1.OlE 00 
8008E 00 
4. 18E-01 
3097E 00 
7051E 00 
2oOlE-02 
2. 03E-02 
4.03E 00 
6.61E 00 
1 80E-0 1 
2.42E 00 
3054E 00 
5. 73E-0 1 
3046E 00 
9. 23E-01 
1.27E-01 
7. 58E-01 
1 0 9 2 E  00 
1 99E-0 1 
6048E 00 
7.91 E-0 1 
7.15E 00 
2055E 00 
6. 51E-01 
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DOSE-RATE CONVERSION FACTORS FOR I M M E R S I O N  IN CONTAMINATED A I R  

OOSE R A T E  AT QOOY SUP.FACE ~m AIR CONCENTRATION 3~ L Ba PER CUBIC C M  

NUCL I DE 

KR-8 1 
KR-83M 
KR-85 
KR-85M 
KR-87 
KR-88 
KR-89 
KR-90 
RB-81 
RB-82 
RR-83 

, R 6-84 
RB-86 
RB-87 
RB-88 
RB-89 
RB-90 
4 B-90M 
SR-82 
S4-85 
SR-8 5M 
SR-87H 

. SR-89 
SR-90  
SR-91 
SR-92 
SR-93 
Y-86 
Y-87 
Y-88 
Y-90 
Y-90M 
Y-9 1 
Y-914 
Y-92 . 
Y-93 
ZR-86 
ZR-88 
2R-89 
ZR-93 
ZR-95 
ZR-9 7 
NB-90 
YB-91 
NB-9LM 
NB -9 2 
NB-92M 
NB-93M 
NB-94 

HAL F-L I FE 

2.1E5 Y 
1.83 H 

10.72 Y 
4.48 H 
76.3 M 
2.84 H 
3.16 M 

32.32 S 
4.58 H 
1.25 M 
86.2 D 
32.9.0 

18.66 0 
4.73El0 Y 

17.8 M 
15.44 H 

157 S 
258 S 

25.0 D 
64.84 D 
67.66 M 
2.805 H 
50.55 D 

28.6 Y 
9.5 H 

2.71 H 
7.3 H 

14.74 H 
80.3 H 

106.60 0 
64.1 H 
3.19 H 

58.51  D 
49.71 M 

3.54  H 
10.1 H 
16.5 H 
83.4 0 

78.43 H 
1.53E6 Y 
64.02 D 
16.90 H 
14.60 H 

1 E 4  Y 
6 1  D 

3.6E7 Y 
10.15 D 

14.6 Y 
2.03E4 Y 

PHOTON 
OOSE RbTE 

( S V / Y P  D 

3.52 E-02 
5.22F-03 
5.16E-03 
3.55E-01 
1.85E 00 
4.56E 00 
4.27E 00 
2.96E 00 
1.41E 00 
2053E 00 
1.17E 00 
2.09E 00 
2020E-01 
0.0 
1.49E 00 
4.82E 00 
5.03E 00 
7.63E 00 
1.60E-02 
1.20E 00 
4.92E-01 
7.39E-01 
3.17E-04 
0.0 
l.6OE 00 
3012E 00 
5.20E 00 
8.36E 00 
1.07E 00 
6.28E 00 
0.0 
1.46E 00 
8.43E-03 
1.23E 00 
5. 86E-01 
2.07E-01 
6.  66E-01 
9.01 E-01 
2.69E 00 
0.0 - 
1.71E 00 
4. 20E-0 1 
9.69E 00 
2.47E-02 
1.17E-01 
3.49E 00 
2.25E 00 
3.95E-03 
3066E 00 

EL EC TP. ON 
DOSE R A T E  

t S V I Y R  8 

1.16E-02 
9.37E-02 
6.07E-01 
e. 18E-01 
3.16E 00 
8.77E-01 
3.25E 00 
3.14E 00 
5.05 E-01 
3.37E 00 
1.73E-02 
3 97E-0 1 
1.60E 00 
1 91 E-01 
4.93E 00 
2.44E 00 
4.65E 00 
3031E 00 
1.25E-02 
2.02E-02 
3.03E-02 
1.60E-01 
1.40E 00 
4.75E-01 
1.57E 00 
4. 85E-01 
2.20E 00 
5.44E-01 
1 6 1 E-0 2 
1 45 E-02 
2.24E 00 
1.13E-01 
1.45E 00 
6.48602 
3.45E 00 
2.80E 00 
7.  44E-02 
3.74E-02 
2.45E-01 
4 79 E-02 
2.82E-01 
1.67E 00 
9.55E-01 
1 32E-02 
2.22EOl 
1.62E-02 
1 2 8 E-02 
6.94E-02 
3.57E-01 

TOTAL 
OOSE RATE 
( SV/Y R 1 

4.69E-02 
9.89E-02 
6.12E-01 
9.73E-01 
5.01E 00 
5.44E 00 
7.52E 00 
6.10E 00 
1.91E 00 
5090E 00 
1.19E 00 
2.49E 00 
1.82E 00 
1 9 1E-0 1 
6.42E 00 
7.26E 00 
9.68E 00 
1.09E 0 1  
2. 85E-02 
1.22E 00 
5 0 23E-0 1 
8.99E-01 
1.4OE 00 
4. 75E-01 
3016E 00 
3.61E 00 
7.41E 00 
8.90E 00 
1.09E 00 
6.29E 00 

1.57E 00 
1.46E 00 
1.29E 00 
4.04E 00 
3.OlE 00 
7.4lE-01 
9.38E-01 
L.94E 00 
4.79E-02 
1.99E 00 
2.09E 00 
1.06E 01 
3.78E-02 
3. 40E-01 
3.51E 00 
2026E 00 
7.33E-0 2 
4001E 00 

2;24E 00 
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DOSE-RATE CONVERSION FACTORS FOR 

OOSE RATE AT BOOY SURFACE FOR 

NUCL I DE HALF-LIFE 

N8-94M 
NB-95 
N8-95M 
NB-96 
NB-97 
NB-97M 
NO-91 
MO-9 3 
MO-99 
MO-101 
TC-95 
TC-95W 
TC-96 
TC-96M 
TC-91 
TC-97M 
TC-98 
TC-99 
TC-99M 
TC-101 
RU-97 
RU-103 
a\)-105 
RU-106 
RH-103M 
RH-105 
RH-1 05M 
RH-LO6 
PO-103 
PO-107 
PO-1 09 
AG-1 O6M 
AG-108 
AG- 10 84 
AG-lO9N 
AG-1 LO 
AG-1 1OM 
AG-111 
CO-109 
CO-1 I l M  
CO-113 
C0-113M 
CO-115 
CD-1194 
CO-117 
CO-1 17M 
IN-111 
I N-113M 
I N-114 

6.26 M 
35.06 0 

86.6 H 
23.35 H 

72.1 M 
60 S 

15.49 M 
305E3 Y 
66.02 H 
14.61 M 
20.0 H 

6 1  0 
4.28  0 
51.5 M 

2m6E6 Y 
89 0 

4.2E6 Y 
2m13E5 Y 

6.02 H 
14.2 H 

2.9 0 
39.35 0 

5 -44  H 
368.2 0 

56.119 M 
35.36 H 

45 5 
29.92 S 

16.961 0 
6.5E6 Y 

13.453 H 
8.46 0 
2.31 M 

39.6 5 
24.57 S 

249.85 0 
7.46 0 

48.7 M 
9 .3E15  Y 

13.7 Y 
53.46 H 

44.6 0 
2.49 H 
3.36 H 
2.83 0 

1.658 H 
71.9 5 

127 Y 

464 0 

IMMERSION I N  CONTAMINATE0 A I R  . 

A I R  CONCENTRATION OF 1 BQ PER CUBIC C M  

PHOTON 
OFSE PATE 

tSV/YR) 

2m44E-02 
lm78E 00 
1.49E-01 
5.75E 00 
1.WE 00 
1.69E 00 
ZmZbE 00 
2.17E-02 
3.58E-01 
3048E 00 
1085E 00 
1 . M E  00 
5.82E 00 
1.09E-01 
2.39E-02 
1.96E-02 
3.246 00 
1. 13E-06 
2 0 82 E-0 1 
7.87E-01 
5.44E-01 
l.12E 00 
1082E 00 
0.0 
3m49E-03 
1 78E-01 
7m63E-02 
4.81E-01 
2m95E-02 
0.0 
1m59E-03 
6.52E bo 
4.10E-02 
3.75E 00 
2.33E-02 
7.09E-02 
6m36E 00 
6.05E-02 
3m03E-02 
6 . 50E-0 1 
0.0 
0.0 
4. BE-01 
5. LOE-02 
2m54E 00 
4075E 00 
9. 15E-01 
5098E-01 
7. WE-02 

ELECTRON 
DOSE RATE 
I SV/YR 1 

8.  5 6 5 0 2  
1.08E-01 
4. 37E-01 
6m09E-01 
1.13E 00 
3.45 E-02 
3.47E 00 
1m25E-02 
9.56E-01 
1.30E 00 
1.50E-02 
3. 47E-02 
1.50E-02 
6.52E-02 
1 28 E-02 
2.09E.01 
2.93E-01 
2.05E-01 
3. 79E-02 
1.14E 00 
2.92E-02 
1 .70601 
9.14E-01 
2. 48E-02 
9.08E-02 
3. 7 2 6 0 1  
2.49 E-01 
3037E 00 
1.23E-02 
2.30E-02 ’ 

8m7lE-01 
1m96E-02 
1oS7E 00 
3.45E-02 
1.84E-01 
2.82E 00 
1.66E-01 
8.46 E-01 
1. LIE-02 
2. 63E-01 
2.26E-01 
4. S O E - 0 1  
7. 57E-01 
1.46E 00 
1.04E 00 
4. 93E-01 
8. ME-02 
3. 16E-01 
1.85E 00 

TOTA L 
DOSE RATE 
I SV/YR1 

1. 10E-01 
1.88E 00 
5.87E-01 
6m35E 00 
2.67E 00 
1 m n E  00 
5074E 00 
3m42E-02 
1 0 3 1 E  00 
4.78E 00 
1.86E 00 
1.59E 00 
5.84E 00 
1. 7SE-01 
3. 66E-02 
2 0 29E-0 1 
3.53E 00 
2 OSE-0 1 
3. 20E-01 
1m93E 00 
5. 74E-0 1 
1029E. 00---  
2m19E 00 
2 48E-02 
9m43E-02 
5m50E-01 
3. 26E-01 
3086E 00 
4. 18E-02 
2m30E-02 
80 73E-01 
6m54E 00 
1m51E 00 
3.78E 00 
2mOIE-01 
2089E 00 
6.526 00 
9mO7E-01 
4.2oE-02 
9m13E-0 1 
20 26E-01 
4. 50E-01 
1m23E 00 
1051E 00 
3.59E 00 
5m24E 00 
9. %E-01 
9.14E-01 
1093E 00 
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DOSE-RATE CONVERSION .FACTORS FUR IMMERSION IN CONT4qINATED A I R  

DOSE RATE AT BOQY SURFACE FOR A I R  CONCENTRATION C)F 1 BO PER CUBIC C M  

NUCLIDE 

IN-114H 
IN-115 
IN-115H 
I N-l16H 
IH-117 
I N-1 1 7 Y  
SN-113 
SN-11 7H 
SN-119H 
SN-123 
SN-125 
SN-126 
SB-117 
58-122 
58-124 
SB-125 
SB-126 
SB-126Y 

' SB-12 7 
58-129 
TE-121 
TE-12lH 

T E - 1 2 3  
TE-12314 
TE-12% 
TE-127 
TE-127H 
TE-129 
TE-129H 
TE-131 
TE-131Y 
TE-132 
TE-133 
TE-133Y 
TE-134 
1-122 
1-123 
1-124 
1-125 
1-126 
1-126 
1-129 
1-130 
1-131 
1-132 
1-133 
1-134 
1-135 
1-136 

HALF-L I FE 

49.51 0 
4.6E15 Y 

4.36 H 
54.15 M 
43.8 M 

116.5 H 
115.1 0 
13.60 0 
293.0 D 
129.2 Q 
9.64 0 

1 o O E 5  Y 
2.80 H 
2.70 0 

60.20 0 
2.77 Y 
12.4 0 
19.0 M 
3.85 0 
4.40 H 
16.8 D 

' 154 0 
1E13  Y 

58  0 

109 Q 

119.7 0 

9.35 H 

69.6 H 
33.6 0 

. 25.0 H 
30 H 

78.2 H 
12.45 H 

55.4 M 
41.8 H 

. 3.62 M 
13.13 H 
. 4.18 0 
60.14 0 
12.93 0 
24.99 H 

1057E7 Y 
12.36 H 
8.040 Q 

2.30 H 
20.8 H 
52.6 H 
6.61 H 

83 s 

PWTON 
DOSE RATE 

( S V I Y R  I 

2 0 21 E-01 
0.0 
30 78E-01 
5.73E 00 
1.59E 00 
2. 08E-01 
4. 82E-02 
30 50E-01 
2.32E-02 
1 6 1  E-02 
7.06E-01 
1.2lE-01 
4e13F-01 
1.03E 00 
4.35E 00 
9.96 E-0 1 
6039E 00 
3.6SE 00 
1.53E 00 
3.33E 00 
1.33E 00 
4.92 E-01 
2. 67E-02 
3.29E-01 
7.15E-02 
l .?lE-02 
2 29 E-02 
1. 32E-01 
8.93E-02 
9.66E-0 1 
3031E 00 
5.19E-01 
2.15E 00 
5.15E 00 
2001E 00 
2.25E 00 
3.84E-01 
2.47E 00 
8. 48E-02 
1.08E 00 
1.75E-01 
5eOIE-02 
4.%E 00 
8. 77E-01 
5.32E 00 
1041E 00 
6 o l l E  00 
3.67E 00 
5o91E 00 

EL ECTR ON 
OOSE RATE 

t SVfYR)  

3.45E-01 
3 ;  69E-01 
4. 07E-01 
7. 2 7 5 0 1  
6.45E-01 
1.04E 00 
1.23E-02 
3.78 E O 1  
1.85E-01 
1025E 00 
1.93E 00 
2.97E-01 
6.78E-02 
1.35E 00 
9. 15E-01 
2. 37E-01 
7.22E-01 
1042E 00 
7.62E-01 
8. 63E-01 
I 95E-02 
1 90E-0 1 
9e80E-03 
2 . 3 8 E 0 1  
3. 03 E-0 1 
5.4OE-01 
1.94E-01 
1031E 00 
6049E-01 
1.73E 00 
4.6OE-01 
2.40E-01 
1097E 00 
1070E 00 
3. 56 E-01 
2.48E 00 
6.4SE-02 
4.76E-01 
4. 23E-02 
3.24E-01 
1.83E 00 
1.33E-01 
6.92E-01 
4.62E-01 
1.18E 00 
9.88 E 01 
1.46E 00 
8090E-01 
4.82E 00 

, 

TOTAL 
QOSE RATE 

t SVIVR 8 

5. 66E-01 
30 69E-01 
7. 85E-01 
604bE 00 
2.23E 00 
1.25E 00 
6. O5E-02 
7. 28E-0 1 
L o  08E-0 1 
Io27E 00 
2e64E 00 
4. 19E-01 
4. 81E-01 
2.38E 00 
5.27E 00 
1.23E 00 
7011E 00 
5007E 00 
2.30E 00 
4e19E 00 
1.35E 00 
6. 82E-01 
3 0 65E-02 

30 74E-0 1 
5.52E-0 1 
2.17E-01 
1.4% 00 
7. 38E-01 
2069E 00 
3077E 00 
7.59E-01 
4.12E 00 
6e85E 00 
2.37E 00 
4.73E 00 
6 49E-0 1 
2.94E 00 
1 27E-01 
1.40E 00 
2eOOE 00 
1 83E-0 1 
5065E 00 
1.34E 00 
6e50E 00 
2.39E 00 
7057E 00 
4.56E 00 
leO7E 01 

5 i 67E-0 1 
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DOSE-RATE CONVERSION FACTORS FOR IMMERSION I N  CONTAMINATE0 A I R  

DOSE RATE AT BODY SURFACE FOR A I R  CONCENTRATION OF 1 BQ PER CUBIC C M  

NUCL I DE 

XE-122 
XE-123 
XE-125 
XE-127 
XE-129W 
X E-131M 
XE-133 
XE-133M 
XE-135 
XE-13 5M 
XE-137 
XE-138 
CS-126 
CS-129 
CS-131 
CS-132 
CS-134 
C S- 134M 
CS-135 
CS-136 
CS-137 
CS-138 
C 5-1 39 
84-131 
SA-133 
BA-133M 
B A-1 3 5H 
B A- 13 74 

' BA-139 

BA-141 
86-142 
LA-140 
LA-161 
LA-142 
CE-139 
CE-141 
CE-143 
CE-144 
PR-142 
PR-143 
PR-144 
PQ-144M 
NO-147 
ND-149 
PY-143 
Prl-144 
PM-145 
PM-146 

ea-140 

HAL F-L I FE 

20.1 H 
2.14 H 
16.8 H 

36 0406 . D 
8.89 0 

11.84 D 
5.245 0 

2.19 D 
9.11 H 

15.36 H 

.14.13 M 
1.64 M 

32.06 H 
9.688 D 
6.475 D 
2.062 Y 

2.90 H 
2.3E6 Y 
13.16 0 
30.17 Y 

32.2 H 
9.40 H 
11.8 0 
10.5 Y 
38.9 H 
28.7 H 

2.552 H 
83.1 M 

12.789 D 
18.27 H 
10.70 H 
40.22 H 

3.94 H 
95.4 H 

137.66 D 
32.50 D 

33.0 H 
284.3 D 
19.13 H 
13.56 D 
17.28 M 

10.98 0 
1.73 H 

3-83 H 

7.2 n 

265 0 
363 D 

17.7 v 
2020 0 

PHOTON 
DOSE RATE 

t SV/YRI  

1 69E-0 1 
1.45E 00 
6.05E-01 
6. 28E-01 
1 OTE-01 
4. 17E-02 
9 62E-02 
9.03E-02 
5.66E-01 
9.96E-01 
4.35E-01 
2.62E 00 
2.61E 00 
6.45E-01 
4.68E-02 
l.65E 00 
3.61E 00 
5 0 86 E-02 
0.0 
5o03E 00 
0.0 
5.50E 00 
7.15E-01 
1.08E 00 
8.87E-01 
1. SlE-01 
1 35E-01 
1.39E 00 
7.95E-02 
4.39E-01 
2.06E 00 
2.1OE 00 
5.40E 00 

6.34E 00 
9.96E-02 

3.56E-01 
1.71E-01 
6.22E-01 
4. 23E-02 
1.36E-01 
2.07E-08 
7.44F-02 
2.44E-02 
3.18 E- 0 1 
8. 71E-01 
7. 22E-0 1 
3.60E 00 
6.64E-02 
1074E 00 

ELEC TaoN 
OOSE RATE 

( SV/YR I 

2.02 E-02 
4.42E-01 
7 8 7E-02 
7.34E-02 
4 4 1 E-01 
3.46E-01 
3.30E-01 
4.61E-01 
7.  7OE-01 
2.31E-01 
4.22E 00 
1.51E 00 
3.21E 00 
30 45E-02 
1.23E-02 
3 0 04 E-02 
3. 93E-01 
2.63E-01 
1.37E-01 
3. 23E-01 
4014E-01 
2.92E 00 
3.95E 00 
1.02E-01 
10 22E-0 1 
5.26E-01 
4.98E-01 
1. 53E-01 
2.16E 00 
7.36E-0 1 
2.05E 00 
1.13E 00 
1.28E 00 
2027E 00 
2.03E 00 
7.67E-02 
4.13E-01 
1.05E 00 
2.25E-01 
1.94E 00 
7.63E-01 
2088E 00 
1.1oE-01 
6.50E-01 
1.18E 00 
1048E-02 
3.20E-02 
2 99 E-02 
2. 37E-01 

TOTAL 
DOSE RATE 

t SV/Y R I 

1. WE-01 
1.89E 00 
6. 84E-01 
7. 01E-01 
5 49E-0 1 
30 87E-0 1 
4026E-01 
5. 52E-01 
1.34E 00 
1.23E 00 
4.66E 00 
4013E 00 
5.82E 00 
6.79E-01 
5.91E-02 
1068E 00 
4.00E 00 
3.22E-01 
1.37E-01 
5036E 00 
4.14E-01 
8042E 00 
4.66E 00 
1.18E 00 
1.01E 00 
6.77E-01 
6.34E-01 
1.54E 00 
2.24E 00 
1.18E 00 
4011E 00 
3.23E 00 
6.68E 00 
2.31E 00 
8.37E 00 
4.33E-01 
5.83E-0 1 
1.68E 00 
2067E-0 1 
2.08E 00 
7.63E-01 
2.95E 00 
la 34E-01 
9 6TE-0 1 
2.05E 00 
7036E-01 
3063E 00 
9.62E-02 
1.98E 00 
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DOSE-RATE CONYERS ION FACTORS FOR IMMERSION I N  CONTAMINATED A I R  

DOSE RATE AT 8OOY SURFACE FOR A I R  CONCENTRATION OF 1 80 PER CUBIC C M  

NUCL f DE 

PM-147 
PM-148 
PM- 14 8M 
PM-149 
PM-151 
SM-141 
SY-151 

EU-152 
EU-152H 
EU-154 
EU-155 
EU-156 
GO-1 52 
60-153 
GO-159 
GD-162 
18-157 
TB-160 
16-162 
DY-157 
OY-165 
DY-166 
HO-166 
HO- 16 6Y 
ER-169 
ER-17 1 
14-1 70 
TH-171 
Y8-169 
YB-I75 
LU-177 
LU-177H 
HF-181 

-. __ TA-182 
w-I8 1 
w-185 
w-181 
w-188 
RE-182 
RE-182M 
RE-183 
R E-1 84 
RE-1 84M 
RE-1 86 
R E - 1 8 1  
RE-188 
@S-185 
OS-1 86 

sw-153 

HALF-L I FE 

2.6234 Y 
5.37 0 
41.3 0 

53.08 H 
28.40 H 

10069El l  Y 

46.7 H 
13.6 Y 
9.32 H 

8.8 Y 
4.96 Y 

15.19 0 
l.lE14 Y 
241.6 0 
18.56 H 

9.7 Y 
150 Y 

72.3 0 
7.76 H 

90 Y 

8.06 H 
2.334 n 

' 81.6 n 
26.80 H 

1.-20€3 Y 
9.40 0 
1.52 H 

128.6 0 
. 1.92 Y 
31.97 0 

4.19 0 
6-71 D 

160.10 0 
42.39 0 

114.74 0 
120.95 D 

75.1 0 
.23.83 H 
. 69.4 0 

64.0 H 
12.7 H 

70 0 

I 169 0 
90.64 H 

4.1ElO Y 
16.98 H 
93.6 0 

2.OE15 Y 

38.0 0 

PHOTON 
DOSE RATE 

I SV/YR I 

7.66E-06 
1 .34E 00 
6.62E 00 
2.67E-02 
7.69E-01 
0.0 
2.56E-05 
1 32E-01 
2.67E 00 
7.30E-01 
2.91E 00 
10 31E-01 
3.13E 00 
0.0 
2.36E-01 
90 11 E-02 
9.77E-01 
1 03E-02 
2.51E 00 
2.54E 00 
7.99 E-0 1 
5.80E-02 
8.52E-02 
6 60 E-02 
3.69E 00 
3.OlE-05 
8. %E-01 
1.16E-02 
1.44E-03 
6 83E-0 1 
9.02 E-02 
1.85E-02 
2.25E 00 
1 .2SE 00 
3.01E 00 
8.53E-02 
5.85E-05 
l . l O E  00 
4.OZE-03 
4.04E 00 
2.77E 00 
3. kOE-01 
2 .06E 00 
8.87E-01 
4.55E-02 
0.0 
1 32 E-0 1 
1063E 00 
0.0 

ELECTRON 
DOSE RATE 

( S V / Y R l  

1.51E-01 
1.74E 00 
30 98E-01 
8.81E-01 
7.36E-01 
0.0 
4.85E-02 
6 . 4 6 5 0 1  
3.00E-01 
1.19E 00 
6.62E-01 
1.5lE-01 
9.94E-01 
0.0 
1.02E-01 
7 63E-01 
8.1lE-01 
7.77E-03 
6.57E-01 
l.25E 00 
2.57E-02 
1008E 00 
3.83E-01 
1.67E 00 
3. SI€-01 
2.48E-01 
9.99E-0 1 
7.97E-0 1 
60 25E-02 
2.74E-01 
3.15E-01 
3.57E-01 
6.32E-Of 
4.72E-01 
4.85E-01 
1 97E-02 
3.08E-01 
7.OOE-01 
2.41 E-0 I 
5.72E-01 
1.98E-01 
2o35E-01 
1.19E-01 
3.17E-01 
8.22E-01 
f.63E-03 
1.87E 00 
3.02E-02 
0.0 

TOTAL 
DOSE PATE 

t SV/YR I 

11 5lE-01 
3008E 00 
5.01E 00 
9.08E-0 1 
1.SLE 00 
0.0 
6.86E-02 
7.78E-01 
2.97E 00 
1.92E 00 
3.57E 00 
2.82E-01 
4.13E 00 
0.0 
3.38E-0 1 
80 55E-01 
1.79E 00 
I. 80E-02 
3.11E 00 
3.79E 00 
8.24EOL 
1.13E 00 
4.69E-0 1 
1.74E 00 
4.04E 00 
2.48E-01 
1.8% 00 
8.08E-01 
6 40E-0 2 
9.57E-01 
4.06E-01 
4.35E-01 
2.88E 00 
1.72E 00 
3.49E 00 
1. OS€-0  1 
3.08E-01 
1.80E 00 
2.4SE-01 
4.61E 00 
2.97E 00 
5.75E-01 
2.18E 00 
1. ZOE 00 
8.67E-0 1 
1.63E-03 
2.00E 00 
1.66E 00 
0.0 
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OOSE-RATE CONVERS I O N  FACTORS FUR IHMERS I O N  IN CONTAMINATE0 A I R  

OOSE R A T E  AT BODY SURFACE FOR A I R  CONCENTRATION OF 1 BQ PER CUBIC C M '  

NUCL IO€ 

0 S- 190H 
OS-191 
US-19LM 
OS-I 93 
19-190 
I R-L90Y 
I9-190M 
IR-192 
19-193M 
f 4-194 
14-1941 
PT-19 1 
PT-193 
PT-193Y 
P I - 1  95M 
PT-197 
PT-197'4 
4U-194 
AU-195 
~ u - 1 9 5 ~  
nu- L 96 

nu- 199 
AU-198 

HG-197 
HG-l97H 
HG-203 
TL-200 

. TL-201 
TL-202 
TL-204 
TL-207 
TL-208 
TL-209 
TL-2 10 
P 8-203 
PB-204M 
PB-205 
PB-209 
PB-2 10 
PB-211 
PB-2 12 

' P B - 2 1 4  
'8I-206 
61-207 
81-208 
61-210 

a BI-211  
81-212 
91-213 

HAL F-L I FE 

9.9 H 
15.4 0 

13.03 H 
30.0 H 

11.78 0 
1 . 2  H 
3.2 H 

74.02 0 
11.9 0 

19.15 H 
171 0 

2.71 0 
50 Y 

4.33 0 
4:02 0 
18.3 H 
94.4 H 
39.5 H 

183 0 
30.6 S 

6.183 0 
2.696 0 
3.139 0 
64.14 H 

23.8 H 
46.60 0 

26.1 H 
73.06 H 
12.23 0 
3.779 Y 

4.77 H 
3.053 H 

2.20 M 
1.30 M 

52.02 H 
66.9 H 

1.51E7 V 
3.253 H 
22.26 Y 

36.1 H 
10.643 H 

26.8 H 
6.243 0 

33.4 Y 
3.68E5 Y 

5.013 0 
2.13 M 

60.55 H 
45.65 H 

PHOTON 
OOSE R4TE 

t SV/YR t 

3.66E 00 
1. 6 1  E-01 
1.38E-02 
1 54F-01 
3.22E 00 
4.31E-03 
1.04E-01 
1.88F 00 
4.91 E-03 
2.lOE-01 
5.40E 00 
6 5 5 E-0 I 
4.20E-03 
2.72F-02 
1.CZE-01 
5.41E-02 
1 87 E-01 
2.SOE 00 
1.84E-01 
4.57F-01 
1.08E 00 
9.34E-01 
1 99 E-0 1 
1.51E-01 
2.07E-01 
5 21E-01 
3.05E 00 
2.OZF-01 
1.07E 00 
2.43E-03 
5.05E-03 
7006E 00 
4.92F 00 
6.42E 00 
6. 87E-01 
4.04E 00 
4.73E-03 
0.0 
9.25 E-03 
1.18E-Ol 
3.34E-01 
5.70E-01 
7oCOE 00 
3.57E 00 
6.17E 00 
0.0 
1 WE-01 
4. 28F-01 
3.2 I E-01 

ELECTRON 
OOSE FATE 

( SV/YR I 

2.68E-OI 
3.06E-01 
1.54E-01 
9.01E-01 
1.46E-01 
4.74E-02 
2.81E-02 
5. 2 1E-0 1 
1078E-01 
1.94E 00 
3.72E-01 
1.51E-01 
8.00E-03 
3. 12E-01 
4.14E-01 
6. l lE-01 
7.60E-01 
7.86E-02 
1. 04E-0 1 
2 68 E-0 1 
7.75E-02 
7. 90E-01 
3.44E-0 1 

5.04E-01 
1 46 E - 0  1 

2.60E-01 
7.4OE-02 
8.70E-02 
4.45E-02 
5.76E-01 
1 .19E 00 
1.42E 00 
1.65E 00 
1.72E 00 
1.35E-01 
2.38E-01 
6.54E-03 
40 79E-01 
8.43E-02 
1.09E 00 
4.205-01 
7.OlE-01 
2. 90E-01 
2063E-01 
2o03E-02 
9 39 E- 0 1 
2.36E-02 
1.12E 00 
1oObE 00 

TnT aL 
DOSE RATE 

( SV/YR 1 

3.93E 00 
4.67E-01 
1 68E-0 1 
1.05E 00 
3.37E 00 
5. 17E-02 
1 32E-01 
2.40E 00 
I 83E-01 
2015E 00 
5.77E 00 
8.05E-01 
1; 22E-02 
3. 39E-01 
5. I C E - 0 1  
6065E-01 
9.47E-01 
2.58E 00 
2.87E-01 
7.25E-01 
1016E 00 
1.72E 00 
5 43E-0 1 
2. P7E-0 1 
7.12E-01 
7; 8 LE-0 1 
3.12E 00 
2.89E-01 
1.12E 00 
5.78E-01 
1.19E 00 
9.27E 00 
6.57E 00 
8.14E 00 
8. 22E-01 
5.08E 00 
1013E-02 
40 79E-01 
9.36E-02 
1.21E 00 
7. 54E-01 
1.27E 00 
7.89E 00 

60L9E 00 
9.39E-01 
1.32E-01 
1.55E 00 
1.38E 00 

3.83E 00 
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DOSE-RATE CONVERSION FACTORS FOR I M Y E P S I O N  I N  CONTAMINATE0 A I R  

OOSE RATE AT 600Y SUPFACE FOR A I R  CONCENTabfIQN !IF 1 8Q PER CUBIC C M  

YUCL I D E  

81-214 
PO-209 
PO-2 10 
PO-2 11 
PO-212 
PIJ-2 13 
PO-2 14 
PO-2 15 
PO-2 16  
PO-218 
AT-2 1 1 
AT-2 17 
4N-218 
RN-2 19 
4N-220 
RN-222 
FR-221 
FR-223 
Q A-222 
R A-2 23 
RA-224 
RI-225 

R 4-228 
AC-22 5 
At-227 
AC-228 
TH-226 
TH-227 
TH-228 
TH-2 29 
TH-230 
TH-23 1 
TH-232 

TH-234 
PA-230 
PA-231 
P4-233 
P4-234 
PA-234H 
U-230 
U-23 1 
U-232 
U-233 
U-234 
U-23 5 
U-23 b 
U-237 

aq-226 

‘H-233 

HALF-LIFE 

19.9 H 
102 Y 

138.378 D 
0.516 S 

2.98E-7 S 
4. ZE-6 S 

1.637E-4 S 
1.778E-2 S 

0.146 S 
3.05 M 

7.214 H 
0.0323 S 

0.035 S 
3.96 5 

55.61 S 
3.8235 0 

4.8 H 
21.8 H 
38.0 5 

11.434 D 
3.62 D 
14.8 D 
1600 Y 
5.75 Y 
10.0 D 

21.773 Y 
6.13 H 
30.9 H 

18.718 0 
1.9132 Y 
7.34E3 Y 
7.7E4 Y 
25.52 H 

1.405E10 Y 
22.3 H 

24.10 0 
17.4 0 

3.276E4 Y 
27.0 D 
6.70 H 
1.17 H 
20.8 D 
4.2 0 

72  Y 
1.592E5 Y 
2.445E5 Y 
7.038E8 Y 

2.3415E7 Y 
6.75 D 

PHOTON 
DOSE R A T E  
( SV/YR I 

3.52E 00 
7.98E-03 
I -98E-05 
1.80E-02 
0.0 
7.08E-05 
1.94E-04 
3.44E-04 
3.37E-05 
0.0 
8.46E-02 
5.51E-04 
1 75E-03 
1 . 3 1 ~ 0 1  
1o2lE-03 
9.01 E-04 
6.99E-02 
1.19E-01 
2.l lE-02 
3.03E-01 
2.28E-02 
2.97E-02 
1. S2E-02 
8.4LE-09 
3.42E-02 
5.67E-04 
2.15E 00 
1.88E-02 
2.47E-01 
6058E-03 
2.07E-01 
2.90E-03 
4.93E-02 
2 45E-03 
8.03E-02 
1 95 E-02 
1.53E 00 
8.2TE-02 
4.93E-01 
4.55E 00 
20 65E-02 
5.54E-03 
1 77E-01 
3.64E-03 
1 49 GO3 
3 0 1 E-0 3 
3.42E-01 
2.79E-03 
3. I f € - 0 1  

EL ECTR ON 
DOSE RATE 

t SV/YF’) 

1.54E 00 
2.36E-03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
7.34 E-03 
0.0 
0.0 
1.51‘5-02 
0.0 
0.0 
2.27E-02 
9.20E-01 
1.72E-03 
1.73E-01 
5.29E-03 
2.55E-01 
8.38E-03 
2.86E-02 
5.32E-02 
3.03E-02 
1.04E 00 
4.76 E-02 
9.44E-02 
4.63E-02 
2.43E-01 
3. 14E-02 
3.78E-01 
2.66E-02 
9.99E-01 
1.41E-01 
1 3 1 E-0 I 
8.71 E-02 
4 66 E-0 1 
1.21E 00 
1.98E 00 
4.71E-02 
1.40E-01 
3.51E-02 
7.26E-03 
2.76E-02 
1.03E-01 
2034E-02 
4.45E-01 

TOTAL 
DOSF P A T E  
I SV/YR 

5.06E 00 
1 s 0 3E-0 2 
1 98E-0 5 
1.80E-02 
0.0 
7.08E-05 
1.94E-04 
3.44E-04 
3.37E-05 
0.0 
9.2OE-02 
5.51E-04 
1.75E-03 
1.46E-01 
1.21E-03 
9.OlE-04 
9.26E-02 
1.04E 00 
2.213~02 
4.76E-01 
2.81E-02 
2 84F-0 1 
2.36E-02 
2.86E-02 
8.74E-02 
3. ME-02 
3.19E 00 
6.64E-02 
3.42E-0 1 
5.29E-02 
4.50E-01 
3.43E-02 
4.27E-01 
2.90 E-0 2 
1.08E 00 
1.61E-01 
1.66E 00 
I 70E-01 
9. 60E-01 
5.76E 00 
2.OOE 00 
5.27E-02 
3. 18E-01 
3.88E-02 
8.85E-03 
3.06E-02 
4.45E-01 
2. 62E-02 
7.62E-01 
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OOSE-FATE CONVERS.ION FACTORS FOG !MHERSION IN C3NTAMINATEO A I R  

OOSE PATE AT 9OOY SURFACE FOP A I R  COWENTPATION 3F 1 BQ PER C-UBlC CH 

NUCLIDE 

U-238 
U-239 
U-240 
NP-235 
NP-236 
NP-236M 
YP-237 
Y P-23 8 
NP-239 
NP-240 
NP-240Y 
PU-236 
PU-23 7 
PU-238 
PU-239 
PU-240 
PU-24 1 
PU-242 
PU-243 
PU-244 
PU-245 
PU-246 
AH-241 
L Y-242 
AY-242M 
AM-243 
AM-244 
4M-245 
4Y-246 
CH-242 
CY-243 
CY-244 
CY-245 
CY-246 
CY-247 
CY-248 
CM-249 
CY-250 
BK-249 
8K-250 
BK-2 5 1 
CF-248 
CF-249 
CF-250 
CF-251 
CF-252 
CF-253 
CF-254 
ES-253 

HAL F-L I f E 

4.468E9 Y 
23.40 Y 

14.1 H 
396.1 0 

1015E6 Y 
22.5 H 

2.14E6 Y 
z . i i r  o 
2.355 0 

65 M 
7.4 M 

2.851 Y 
45.3 0 

87.75 Y 
24131 Y 

6537 Y 
14.4 Y 

3.758E5 Y 
4.956 H 

8.26E7 Y 
10.57 H 
10.85 0 
432.2 Y 
16.02 H 

152 Y 
7.38€3 Y 

10.1 H 
122.4 M 
25.0 Y 

163.2 0 
28.5 Y 

18.11 Y 
. 8.5E3 Y 

4.75E3 Y 
1.56E7 Y 
3.39E5 Y 
64.15 M 
6.9E3 Y 

320 0 
3.222 H 

57.0 M 
333.5 b 
330.6 Y 
13.08 Y 
9oOEZ Y 
2.639 Y 
17.81 0 

60.5 0 
20.467 0 

PHOTON 
0r)SE QATE 

( S V / Y R I  

2.46E-03 
1. 08f -01 
1 37E-02 
1.42E-02 
3.16E-01 
I .  18E-01 
7.03 E-02 
1.29E 00 
3.84E-01 
2.69E 00 
7.73E-01 
3.7OE-03 
1.16E-01 
3.25E-03 
1.34E-03 
3 09F-03 
0.0 
2. 57E-03 
5.4OE-02 
2.21E-03 
9.64E-01 
2.25E-01 
5 89 E-02 
3.83E-02 
9. 56E-03 
1.25E-01 
1.88E 00 
7.19E-02 
2.28F 00 
30 39F-03 
2.96E-0 1 
3 02E-03 
1.68E-01 
2. 69E-03 
7. 31 E-01 
2. 14E-03 
4.36 F-02 
0.0 
0.0 
2.06F 00 
0.0 
2. 42E-03 
7.62E-01 
2.*2E-03 
2. TLE-01 
2. 25E-03 
4.09F-05 
4 43E-08 
2. 08 E-03 

ELECTRON 
DOSE RATE 

( S V f Y R I  

2.08E-02 
9.86E-01 
3. 73E-01 
7.306-03 

2.00E-01 
1.53E-01 
6.15E-01 
5.91E-01 
1.05E 00 
l .48E  00 
2.61E-02 
2.12E-02 
2.02E-02 
1.20E-02 
2.04E-02 
1.29E-02 
1068E-02 
4.14E-01 
1 4 1  E-02 

4. r9~-oi  

r.  TSE-01 
1.32E-01 
7.2OE-02 
4.22E-01 
8.81 E-02 
6. 19E-02 
7.79E-01 
69 92E-01 
1 . l O E  00 
1.85E-02 
2.99E-01 
1.58E-02 
1. 7OE-01 
1. 49E-02 
3.58E-02 
1.17E-02 
60 66E-01 
3.1 I E-03 
8.07E-02 
7.10E-01 
8.71 e01 
1.09E-02 
9.13E-02 
1.09E-02 

I o4E-02 
1.92E-01 
0.0 
5.12E-03 

3.86E-01 

TOTAL 
OOSF RATE 

t SV/YR I 

2.33E-02 
1009E 00 

2.15E-02 
3.87E-01 

r .  w - 0 1  
3.19E-01 
2.23E-01 
1.90E 00 
9.76E-01 
3.74E 00 
2.25E 00 
2.98E-02 
1.38E-01 
2. 35E-02 
1. 33E-02 
2 s 35E-0 2 
1.29E-02 
1.93E-02 
4.6BE-0 I 
1.63E-02 
1.74E 00 
3.57E-01 
1.3lE-01 
4.60E-01 
9.77E-02 
1.87E-0 1 
2.66E 00 
7.64E-01 

27 19E-02. 
5.95E-01 
1. 88E-02 
3. 39E-0 1 
1. 76E-02 
7. 66E-0 I 
1.38E-02 
7.09E-01 
3. LlE-03 
8. 07E-02 
2077E 00 
8.7lE-01 
10 i3E-02 
8. S3E-0 1 
1? 34E-02 
6.57E-01 
1.2bE-02 
1092E-0 1 
4 43E-08 

3:38E 00 

7.20E-03 
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DOSE-RATE CONVERSION FACTORS FOR IMMERSION I N  CONTAMINATED A I R  

DOSE RATE 4 1  BODY SURFACE FOR AIP COh!CENTR4TIOY OF 1 BO PER CUBIC C M  

PHOTON EL EC fRON TOTAL 
DOSE P4TE OOSE RATE OOSF RATE 

YUCL I DE HALF-LIFE t SV/YR B t SV/YR 1 t SV/YR@ 

ES-254 275.7 D 3. 60E-02 1- 19501 1.55E-01 
ES-294M 39.3 H 1-31E 00 4.89E-01 1.80E 00 
ES-255 39.8 0 1 78 E-04 10 72E-01 1 72E-0 1 
FH-254 3.240 H 2.57E-03 1. OSE-02 1.31E-02 
F(l-255 20.07 H 2.29E-02 2 06 E-01 2.29E-01 
F M-2 5 6  157.6 M 0.0 0.0 0.0 
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PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORG4NS FOR IMMERSION I N  CONTAYINATFO 4 I R  
IN SVIYR PER eo/(cusIc C C )  

NUCLIDE 

ti-3 

BE-7 

9E-10 

c-11 

C- 14 

N-13 

N-16 

0-1 5 

F-18 

NA-22 

Nb-24 

MG-21 

MG-28 

It .-ZC 

41-26 

S 1-31 

f l - 3 2  

P-32 

0-33 

5-35 

CL-36 

CL-38 

AR-37 

IR-39 

AR-4 1 

HALF-LIFE 

12.28 Y 

53.64 Q 

1.6E6 Y 

20.48 M 

5.73E3 Y 

9.97 w 

7.13 5 

122.24 5 

109.14 M 

2.4502 Y 

15.00 Y 

9.458 M 

20.91 H 

1.2E5 Y 

2.240 M 

157.3 M 

3.3E2 Y, 

14.29 9. 
25.4 0 

81.44 0 

3.01E5 Y 

3 7 . 2 1  M 

35.02 0 

2 6 9  Y 

SKIN 

0.0 

8.96E -0 2 

0.0 

1.85E 00 

0.0 

1.85E 00 

9.59E 00 

1.85E 00 

1.19E 00 

4.05E 00 

8.37E 00 

1.71E 00 

2.56E 00 

5.20E 00 

3.54E 00 

1.66E-03 

0.0 

0:o. , 

0.0 

0.0 

1.38E-07 

3.04E 00 

2.19E-05 

0.0 

SPLEEN 

0.0 

5.32F-02 

0.0 

1.09E 00 

0.0 

1.09F 00 

6.50E 00 

1.10s 00 

1.06F 00 

2.43E 00 

5.27E 00 

1.02F 00 

1.53F 00 

3.18E 00 

2.19F 00 

I OOE-0.3 

0 . 0 .  

0.0 I 

0.0 

0.0 

I 86 E- 10 

1.90E 00 

2 966-08 

0.0 . , I 1  

STOMACH 

0.0 

5 - 3  TE-02 

0.0 

1 . 1 l E  00 

0.0 

I . 1 l E  00 

6 . 7 8 E  00 

1.11E 00 

l . O t E  00 

2.4tE 00 

5.41E 00 

1 . 0 4 E  00 

?.SSE 00 

3.22E 00 

2.22E 00 

I i. 0 2E-03 

0 .o. 

0.0 

0.0 

0.0 . 
I .68E-10 

1.93E 03 

2.68E-08 

.o.o . ~ 

TESTES 

0.0 

1.8SE-02 

0.0 

1.6LE 00 

0.0 

1.62E 00 

9.14E 00 

1.62E 00 

1.57E 00 

3.53E 00 

1.49E 00 

1.48E 00 

2.22E 00 

4.56E 00 

3.11E 00 

I.*€-03 

0.0 

0.0 

0.0 

0.0 

5.98E-09 

2.69E 00 

9.53E-07 

9.0. I . -  . 

THYMUS 

0.0 

5 92 E -0 2 

0.0 

1.22E 00 

0.0 

1.22E 00 

7.42E 00 

1.22E 00 

1.19E 00 

2.76E 00 

5.01E 00 

1.18E 00 

I.76E 00 

3.576 00 

2.47E 00 

1 16 E-03 

0.0 

02 0 

0.0 

0.0 

1 38E-13 

2.12E 00 

2.19E-1 I 

0.0 

THYCnIQ 

0.0 

7.26E-02 

0.0 

1.50E 00 

0.0 

1.SOE 00 

8.28E 00 

1.50E 00 

1.45E 00 

3.32E 00 

4.86E 00 

1.41E 00 

2.lOE 00 

4.23E 00 

2.89E 00 

1.37E-03 

0.0 

0.0 

0.0 

0.0 

4 12E- 10 

2.48E 00 

6.57E-08 

0.0 

U T E ~ U S  

0 . 0  

4.7bE-02 

0.0 

9. 19E-01 

0.0 

9.8OF-0 1 

5.89E 03 

9.8 IF-0 I 

9.49E-01 

2.23F 00 

4.93F 00 

9.135-0 1 

1.40F 03 

2.956 09 

2.04E 00 

9.195-04.  

0.0 

0.0 

0.0 

0.0 

6 . O w 1 4  

1m79E 00. 

9.58E-I 2 

0.0 

TOTAL 
BODY 

0.0 

6.26E-02 

0.3  

1.29E 00 

0.0 

1.29E 00 

1 . w  00 

1.29E 00 

1.25E 00 

2.84E 00 

6.01E 00 

1.19F 00 

1.19F 00 

3.b9E 00 

2.53E 00 

1 . l T E - 0 3  

0.0 

0.0 

0.0 

0.0 

8.24E-09 

2.19E 00 

1.31E-06 

0.0 



' ,  
PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS OPCAYS FOR I M M E R S I O N  I N  CONTAMINATE0 A I R  

YUCL I DE 

K-40 

((-42 

K-43 

CA-41 

CA-45 

c a - 4 1  

CA-49 

sc-44 

SC-46 

SC-464 

sc-41 

SC-48 

SC-49 

11-44 

11-45 

11-51 

v-48 

v-49 

V-52 

CR-49 

ca-51 

MN-52 

YN-52H 

MN-53 

YN-54 

HALF-LIFE 

I.21.1E9 Y 

12.36 H 

22.6 H 

1.03ES Y 

. 162.1 0 

4.536 0 

8.119 n 

3 . 9 2 1  H 

83.80 0 

18.12. s 
3.422 0 

4 3 . 6 1  H 

57.4 n 

47.3  Y 

3 .08  H 

5 . 1 5 2  M 

15 .971 0 

' 3 3 0  0 

3.15 Y '  

~ 42.09 M 

27.101 0 

5 .591 0 

21.4 M 

3.7E6 Y 

3 1 2 . 1  0 

AORENALS 

1 . 8 4 E - 0 1  

3.'27E-0 1 

1.14E 00 

3. OSE-O? 

2.31E -12 

1.25E 00 

4.28E 00 

2.52E 00 

2.43E 00 

1.02E-0 1 

1.25E-Ol  

4.03E 00 

1.29E-03 

1 .21E-01 

1 .OLE 00 

4.3 3E -0 1 

3.48E 00 

9. ISE-OT 

1.70E 00 

1.21E 00 

3.66E-02 

4.13E 00 

2.82E 00 

1 70E-06 

l . 0 2 E  00 

a L a o o ~ a  

I .85E-01 

3 31E-0 1 

?.08E 00 

f .SO€-14 

2. 18E-16 

l .2SE 00 

4.42F 00 

2 . I S E  00 

2.38E 00 

9.44E-02 

1 15F-01 

3.91E 00 

1.326-03 

1.29E-0 1 

9.636-01 

4.04E-01 

3.426 00 

I .65E-13 

1 .11E 00 

1.15E 00 

3 38E-02 

4.05E 00 

2.77E 00 

3 06 E- 13 

9.82E-01 

'BP A I  N . 

Z.08E-01 

3.72E-01 

1.2OE 00 

2.43 E-08 

2 54E-13 

1.LOE 00 

4.86E 00 

2.75E 00 

2.b8E 00 

1.01E-01 

1 .23E-01 

4.41E 00 

I . M E - 0 3  

1.28E-0 1 

1.07E 00 

4.44E-01 

3.84E 00 

1 30E-08 

1.93E 00 

1.27E 00 

3 69E-02 

4.56E 00 

3.11E 00 

1 3 5  E-01 

1.lOE 00 

8 P E A S f  

2.30E-01 

4.12E-01 

1.44E 00 

2 39E-05 

1 .m-10 

1.56E 00 

5.61E 00 

3.14E 00 

2.91E 00 

1 -62E-01 

1.92E-0 1 

4.96E 00 

1.64E-03 

2.51E-0 1 

1.28E 00 

5.66E-01 

4.31E 00 

7.17E-05 

2.13E 00 

1.57E 00 

4.81E-02 

5.11E 00 

3.54E 00 

1.33E-04 

1.24E 00 

.HEAD1 

1.83E-0 1 

3.2 8 E-0 1 

I .06E 00 

3 97E-0 8 

3.86E-13 

1.23E :00 

4.4ZF 00  

2.41E 00 

2.35E 00 

9.3 1 E - 0  2 

1.13E-0 1 

3.92E 00 

.1.31E-03 

1 14E-0 1 

9 4 1 E ' 0  1 

3.95 E-0  1 

3.38E 00 

1.19E-OT 

1.69E 00 

1.12F 00 

3 e30 E-0 2 

4.OQE 00 

2.73E 00 

2 a 2  I E-07 

9 .69E-01 

. .  

SMAC L 
!NfEST I Y E  

1. TOE-01 

3.04E-01 

9.54E-01 

5. 12E- 13 

2 O4E- 14 

1.13E 00 

4.19E 06 

2.19E 00 

2.14E 00 

8.11E-02 

9.92E-02 

3.59E 00 

I .  22E-03 

1.02E-01 

8. 47E-01 

3.55E- 01 

3.096 00 

I .54E-09 

1.57E 00 

1.00E 00 

2.96E-02 

3.66E 00 

2.5OE 06 

2.856-09 

8.77E-01 

UOPE r\ 
L&*GE 

I Y TF $ T I Y F 

1.95E-01 

3.49E-01 

1.126 0 3  

7.54F- 13 

3. ? O E - ? 5  

1.31E 03 

4. TOE 03 

2.566 Oil 

2.506 0 3  

9.94E-02 

1. 20E-01 

4.18E 00 

I .  +OF-03 

1.22F-0 1 

9.99F-0 1 

4.18E-01 

3.59F 00 

2.26E-09 

1.806 03  

1.196 03 

3.49E-02 

4-26!? 00 

2.916 00 

4. 19E-09 

1.036 03 

LOWFR 
C A n M  

IYTESTINE 

1.93F-0 1 

3.22F-0 1 

1.04F 00 

1.2 5E -0 1 

1. ?8C-12 

1.216 00 

4.38E 00 

2.36E 00 

2.306 00 

9.11F-02 

1. !LE-01 

3.84F 00 

1. t 9 E - 0 3  

1. Q9F-01 

9.22E-01 

3.90E-01 

3.31F 00 

3.76E-07 

1.66F 00 

1.09E 00 

3.21F-02 

3-92!? 00 

2.68E 00 

6 .96s-01 

9. 486-01 



, .  

PHOTfN OOSE-RATE CONVERSION FACTORS FbQ VARIZIUS ORGANS FOQ IMMERSION I N  CONTA‘IIYATEO A I R  
I4 SV/YQ PER BO/tCUBIC CPI 

NUCL! DE 

K-40 

K-42 

K-43 

C 4-4 1 

CA-45 

CA-47 

C A-49 

SC-44 

sc-40 

SC-66W 

sc-47 

SC-48 

sc-49 

71-44 

11-55 

TI -51 

V-* 8 

v-49 

V-52 

CR-49 

CQ-51 

*N-52 

MN-52Y 

WN-53 

WN-54 

HALF-LIFE 

1.277E9 Y 

12.36 H 

22.6 H 

1 . 0 3 ~ 5  r 
162.7 0 

4.536 0 

8.719 M 

3.927 H 

83.80 0 

18.72 S 

3.422 D 

43.67 H 

57.4 W 

47.3 r 
3.08 H 

5.752 M 

15.971 0 

330 0 

3.75 Y 

42.09 Y 

27.704 0 

5.591 0 

21.4 M 

3.7E6 Y 

312.7 0 

K I O N E V S  

1.95E-01 

3.49E-01 

I.12E 00 

3 e 6  5E-10 

2.94E-14 

1.31E 00 

4.84E 00 

2.56E 00 

2.49E 00 

9.58E-02 

1.17E-0 1 

4.17E 00 

I.4OE-03 

1.33C-01 

9.99E-01 

4.18ETOl 

-3.59E 00 

1.1OE-09 

1.8OE 00 

1 . 1 9 E  00 

3.49E-02 

4.25’ 00  

2.91E 00 

2.03E-09 

1.03E 00 

LIVER 

1.8SE-01 

3.31F-01 

I.08E 00 

2.96E-09 

8.11E-14 

1.24E 00 

4.45E 00 

2.44E 00 

2.36E 00 

9.43E-02 

1 15 E - 0 1  

3.95E 00 

1.32 F-03 

1.27-01 

9.57E-01 

4.02E-01 

3.*0f 00 

8.?OE-09 

1.71E 00 

1.14E 00 

3.37E-02 

4.04E 00 

2.77E 00 

1.65E-08 

9.76E-01 

LUNGS 

1.95E-01 

3.49E-01 

1.15E 00 

2.41E-07 

2.14€-?2 

1.32E 00 

4.t2E 00 

2.60E 00 

2.51E 00 

1.04E-01 

1 26E-01 

4.19E 00 

I .39E-03 

1.40E-01 

1.03E 00 

4.33E-01 

3.62E 00 

7.24E-07 

1.80E 03 

1.23E 00 

3.64f-02 

4.29E 00 

2.94E 00 

1.34E-06 

1.WE 00 

WARPOW 

2.04E-01 

3.64E-01 

1.34E 00 

1 45E-07 

1.85E-12 

.1.39E 00 

4.73E 00 

2.85E 00 

2.68E 00 

1.58E-01 

1.8tE-01 

4.45E 00 

I .  WE-03 

2. ME-01  

1.16E 00 

5.27E-01 

3.88E 00 

4.34E-07 

1.89E 00 

1.46’ 00 

4.56E-02 

4.60E 00 

3.20E 00 

8.05E-07 

1.13E 00 

@ E O  
WAPPOW 

1.97E-0 1 

3.52E-0 1 

1.18E 00 

7.91E-08 

7.16E-13 

1.33E 00  

4.79E 00 

2.64E 00 

2.54E 00 

9.51E-02 

1.19E-0 1 

4.24E 00 

l .4 lE-03 

8.55 E-02 

I .OSE 00 

4.45 E-0 1 

3.66E 00 

3.37E-07 

1.82E 00 

l.23E 00 

3.7bE-02 

4.35E 00 

2.98E 00 

4.4OE-07 

I.06E 0 0  

OVAR I ES 

1 74E-01 

3.10E-01 

1 03E ‘00 

1.19E-07 

1.IOE-I2 

1.18E 00 

3.91E 00 

2.34E do 

2.28E do 

8.16E-02 

9.96E-02 

3.79E 00 

1.22E-03 

1.05E-01 

9.20E-01 

3.74E-01 

3.26E 00 

3.58E- 07 

1.61E 00 

1.08E 00 

3. LO€-02 

3.87E 00 

2.63E 00 

6.64E-07 

9.49E-01 

PbNCQE A S  

1. 63F -01 

2 87E-01 

9 . 2 s - 0 1  

1 78E-07 

1.43E-I2 

1.ORF 00 

3.95E 00 

2.1OE 00 

2.04E 00 

7.83s-02 

9.63E-02 

3.42E 00 

I .  15E-03 

8.64‘-02 

8.ZSE-01 

3.47E-01 

2.94C 00 

5.35E-07 

1.48E 00 

9.72E-0 I 

Z.91E-02 

3.49E 00 

2.39E 00 

9.90E-07 

8.42E-01 

SKELETON 

2 07E-0 1 

.3.69E-01 

1.36E 00 

3.91E-07 

3.49E- 12  

1.41E 00 

4-60’ 00 

2.90E 00 

2.73E 00 

1.62F-0 1 

1.90 E-0  1 

4.53F 00 

1. U E - 0 3  

2.53E-01 

I .  ZOF 00 

5.3bE-01 

3.95E 00 

1.1TE-06 

1.92E 00 

1.49E 00 

4.64E-02 

4.68E. 00 

3.25E. 00 

2.18E-06 

1.15E 00 



00 3Ii'I 

50-30L '1 

00 3EI'E 

00 395'9 

20-316 'E 

00 3ZE'i 

00 316'1 

90-35 I *6 

00 358'€ 

10-373 '9 

00 30i.I 

10-309'1 

EO-jLf'I 

00 399'9 

IO-39E 'I 

IO-jEi.1 

00 3L9'2 

00 3AL'Z 

00 388.9 

00 309'1 

11-398 *I 

90-350 'E 

00 392'1 

IO - 3 69 *C 

10-3LO 'Z 

AOGb 
~PAOA 

IO- 369 '8 

61-392'1 

00 359'2 

00 39S'E 

20- dl6 2 

io-3E6'6 

00 325'1 

11-a89'9 

00 jOO'E 

IO-395'E 

IO-a9€ '8 

IO-320 1 

€0-361 I 

00 3Lb.E 

I 0- 31 0 1 

20-a62 '8 

00 do-z 

00 iI9l'Z 

00 386'E 

00 301'1 

9 1 - 36L Z 

11-322'2 

10-309'6 

10-396 '2 

IO- 359 '1 

snuain 

00 31E.1 

LO -389'8 

00 399.E 

00 39€'5 

20-329'9 

00 39S'i 

00 3EZ.Z 

LO-385 *C 

00 325'9 

10-369 ' S 

00 382'1 

10 -3El.Z 

€0-389' 1 

00 332'5 

10 -31L 1 

IO-3E5' i 

00 3Ll.E 

00 3SZ.E 

00 329'S 

00 399'1 

ZI-380.2 

LO -325 1 

00 359'1 

10-382'9 

10 -3 1 9 '2 

03'lidAHA 

00 301'1 

01-3E8.2 

00 39O'E 

00 369.9 

2 0-3 1L 'E 

00 392'1 

00 368'1 

0 1-3ES'l 

00 36L'€ 

1 0- 3 59 9 

00' 390'1 

10-319'1 

EO-3E9'I 

00 3€9'f 

1 0-3 9E 1 

10-3Ii'I 

OG 35Q'Z 

00 301'2 

00 331.9 

00 38E.l 

51-385'L 

11-360'4 

00 381'1 

10-X9.E 

KO- 370'2 

SnhAHA 

00 38€'1 

SO-3EZ'T 

00 368'E 

00 399'5 

20-326'9 

00 339'1 

00 39E.Z 

90-%I9 '9 

00 381'9 

10-3E8 '5 

00 38€'1 

10-351 '2 

€0-3 I8 '1 

00 325'5 

1 0-3 IL 1 

10-3+'1 

00 3ZE.E 

00 353'E 

00 3SO'O 

00 3EL.1 

11-3 59' 1 

30-3 12 '2 

00 355'1 

10-395 *% 

10-355 '2 

S3iS31 

10-359'6 

LO-399'E 

00 31L.Z 

00 3L6'E 

20-3EE'E 

00 321'1 

00 393'1 

LO-3L8.1 

00 39E'E 

10-3Lo'E 

10-359'6 

10-361 'I 

€0-362' I 

00 388.E 

10-3E1'1 

Z0-3EE ' 6 

00 3EE.Z 

00 305'2 

co 393'I 

00 322'1 

E1-3€E'L 

80-312'9 

00 390'1 

10-322' E 

10-308' I 

n3tlr(ois 

10-399'6 

L 0 -328' E 

00 389'2 

00 316'E 

EO-3EE.E 

00 311'1 

00 359'1 

LO-390'2 

00 30E'E 

10-3 56 'E 

10-35€'6 

10-3L1 *l 

€0-312'1 

00 329'E 

10-351 1 

20-329'6 

00 362'2 

00 3LE'Z 

00 382'9 

00 302'1 

El -3SC.L 

80-388'9 

00 350'1 

10-361'E 

10-38L' I 

N33ldS 

00 309'1 

f0-3E8'2 

00 3S9.9 

00 315'9 

20-395'4 

00 388'1 

00 31L.Z 

C0-3E5'1 

00 369'5 

IO- 385'9 

00 385'1 

1CF32E'Z 

E 0-390'2 

00 3LE.9 

I 0- 3L8 I 

10-356'1 

00 3E8'E 

00 396'E 

00 319'0 

00 366'1 

01-321 '2 

50-360'5 

00 3LL.l 

10-31 2'5 

10-326'2 

N INS 

0 L'tlE 

h 93L'E 

h *'I2 

0 165'5 

0 9OL'LZ 

k 60'29 

w SLOE 

0 OEE 

a 1~6.~1 

h ZSL'5 

H BO'€ 

A E'&+ 

h 9'LS 

H L9'Ef 

0 ZZf'E 

s 'ZL '81 

a O8'EB 

H LZ6'E 

c1 61L.8 

0 9ES.9 

0 L'291 

A 53E0.1 

H 9.22 

H 9E'Zl 

A 63LL2.1 

34 11-JIVH 

9S-Nk 

€5-NH 

kZS-Nk 

ZS-Nk 

1s-kl3 

69-13 

25-A 

69-A 

89-A 

IS-I1 

57-1 A 

79-11 

69-3s 

e*-;s 

L9-X 

k 39-3s 

,97-3s 

39-25 

6%-U 3 

L+-v 3 

49-v3 

19-v2 

Et-) 

29-N 

09-N 

30 1 wnk 



PHOT!IN DOSE-RATE COYVERSION FACTOP S FOR VARI'3US ORGANS FOR IMMERSION I N  CONTAMINATED A I R  
I N  SVIYR PER BO/(CUBIC C M I  

NUCL I DE 

MN-56 

YN-57 

FE-52 

FE-55 

FE-59 

CO-56 

to-57 

ce-58 

C G S 8 Y  

EO-60 

C9-6OM 

C0-61 

NI-56 

N1-57 

N I - 5 9  

YI-63 

N 1-65 

CU-6 1 

CU-62 

CU-64 

CU-67 

ZN-62 

ZN-65 

211-69 

ZN-69Y 

HALF-LIFE 

2.5785 n 

1.47 M 

8.275 H 

2.7 Y 

44.63 0 

78.76 0 

270.9 0 

70.80 0 

9.15 H 

5.271 Y 

10.47 M 

1.650 H 

6.10 D 

36.08 H 

7.5E4 Y 

100.1 Y 

2 .520 H 

3.408 H 

9 .74  

12.701 H 

61.88 0 

9.26 H 

244.4 0 

55.6 Y 

13.76 H 

AOREY AL S 

2.1ZE 00 

8.43E -02 

8.56E-01 

2.23E-Ob 

1.42E 00  

4.51E 00 

1.34E-01 

1.18E 00 

3.95E-06 

2.97E 00 

4.67E -03 

8.63E - 0 2  

2.06E 00 

2.29E 00 

3.75E-06 

0.0 

6 5 I E -0 1 

9.62E-01 

l .17E 00 

2.20E-0 1 

1.30E-01 

5 . 2 l E - 0 1  

6.96E -0 1 

6.97E-06 

4 .84E-01 

8 LA 00 ER 

2.12E 00 

8.10E-02 

8.0bE-01 

4.02E-13 

1 . 4 0 ~  00 

4.51E 00 

1.25E-01 

1.13E 00 

8.15F-07 

2.95E 00 

4.79E-03 

8.97E-02 

1.98E 00 

2.28E 00 

6.75 E- 1 3  

0.0 

6.5OF-01 

9. IbE-01 

1.11E 00 

2.10E-0 1 

1.ZOE-01 

4.97E- 0 1 

6.85 E- 01 

6.54E-06 

4.55E-01 

BRAIN 

2.37E 00 

8.99 E-02 

8.90E-01 

1.78E-07 

1.58E 00 

5.04E 00 

I 34E-0 1 

1.27E 00 

5.70E-07 

3.32E 00 

5.20E-03 

9.30E-02 

2.21E 00 

2.56E 00 

2.99E-07 

0.0 

7.32E-01 

1 .OZE 00 

1.24E 00 

2.34E-01 

1.28E-01 

5.5lE-01 

7.72E-01 

7.22 E-06 

5.04E-01 

BREAST 

2.65E 00 

I .  12E-01 

1.12E 00 

1 75E-04 

1 .75E 00 

5.68E 00 

2.23E-0 1 

1.44E 00 

2.56E-04 

3.67E 00 

7.11 E-03 

1.53E-01 

2.61E 00 

2.88E 00 

2.93E-04 

0.0 

8.12E-01 

1.21E 00. 

1.48E 00 

2.78E-01 

2.00E-01 

6.66E-01 

8.56E-01 

8.97E-06 

6. LEE-01 

HE ART 

2.10E 00 

7.98E-02 

7.88E-01 

2 9 0 E -0 7 

1.39E 00 

4.48E 00 

1 2 3  E-0 1 

l . l t E  00 

7.60E-07 

2.92E 00 

4.57F-03 

8.22 E-02 

1.95E 00 

2.26E 00 

4. BEE-0 7 

0.0 

6.43E-01 

8.96E-01 

1.09E 00 

2.05E-0 1 

1-17 E-0 1 

4.84E-01 

6.77E-01 

6.38E-06 

4.44E-01 

SMAL L 
INTEST W E  

1.93E 00 

7.18E-02 

7.06E-01 

3.75E-09 

1.27E 00 

4..14E 00 

1.07E-01 

1 . O l E  00 

3. 50E-07 

2.69E 00 

4.22E-03 

7.4SE- 02 

1.76E 00 

2.08E 00 

6.29E- 09 

0.0 

5.94E-01 

8.08E-01 

9.80E-01 

1.85E- 01 

1 03E-01 

C. 36E-01 

6.20E-01 

5.73E-06 

3 99E- 01 

UPPCR 
L b ? M  

I N V S ' I Y E  

2.24F O D  

8 . 5 F - 0 2  

8.37E-01 

5. 5IE-09 

1.48E 00 

4. 76E 00 

I .  32F-01 

1.19F OD 

1.03E-06 

3.11F OD 

4.89F-03 

8.79E-02 

2.07E 00 

2.40E 03 

9.26F-09 

0.0 

6.85E-01 

9.52F-01 

1.16F: OD 

2.18E-01 

I .  24E-01 

5.  ~ S E - O  i 
7 .Z lE-01  

b. 76E-06 

4. I t= -01  

LOWER 
CAPGE 

I V TE 5 T I FIE 

2.36E 00 

7.81E-02 

7. ICE-01 

9.15F-07 

1.36F 00 

a.60E 00 

1.2OE-01 

1.09E 00 

1 89'=-06 

2.86F 00 

4.68E-03 

7.93E-02 

1.91E 00 

2.21F 00 

I.  54E-06 

0. D 

6.31E -0 1 

8.79E-01 

1.D7E 00 

2.OlE-0 1 

1.15E-01 

6. 75E-01 

6. b3E-0 1 

6.  ?BE-06 

4.3 7E-0 1 



I .  

PHOTON DOSE-RATE COMVERSION FACTOPS FOR VARIOUS OPGANS FO9 I M M E R S I O N  I N  COYTAN1YATED A I 9  

WUCLI DE 

WN-56 

NN-57  

FF-52 

FE-55 

FE-59 

CO-56 

CO-57 

co-58 

CO-58M 

CP-60 

CC-60M 

CO-61 

N1-56 

41-57 

NI-59 

NI-63 

41-65 

CU-61 

CU-62 

CU-64 

CU-67 

ZN-62 

ZW-65 

ZN-69 

ZN-69'4 

HALF-LI FE 

2.5785 H 

1.47 M 

8.275 H 

2.7 Y 

66.63 0 

78.76 0 

270.9 D 

70.80 Q 

9.15 H 

5.271 Y 

10.47 Y 

1.650 H 

6.10 Q 

36.08 H 

7.5iE4 Y 

100.1 Y 

2.520 H 

3.408 H 

9.74 H 

12.701 H 

61.88 0 

9.26 n 

244.4 0 

55.6 Y 

13.76 H 

KIONEVS 

2.24E 00 

8.43E-02 

8.32E-01 

2.67E-09 

1.47E 00 

C.79E 00 

1.27E-01 

1.18E 00 

1.58E-06 

3.10E 00 

5 .07E-0  3 

9.39E-02 

2.06E 00 

2.40E 00  

6.49E-09 

0.0 

6.84E-01 

9.51E-01 

1.16E 00 

2.18E-01 

1.23E-01 

5.18E-01 

7.19E-01 

6.76E-06 

6.71E-0 1 

LIVER 

2.12E 00 

8.07E-02 

8.01 E-01 

2.17E-08 

1.6OE 00 

4.51E 00 

L.25E-01 

1 .13E 00 

5 756-07 

2.94E 00 

4.76 E-03 

8.88E-02 

1.97E 00 

2.28E 00 

3.64F-08 

0 .o 

6 a69F-O 1 

9.11E-01 

1.11F 00 

2.09E-01 

1.20E-0 1 

4 93E-0 1 

6 82 E-01 

6.50E-06 

4.52E-01 

LUNGS 

2.24E 00 

8.67E-02 

8 64E-0 1 

1 766-06 

1.48E 00 

4.76E 00 

1 38E-0 1 

1.20E 00 

3.48E-06 

3.11E 00 

5.08E-03 

9 6 5 E-02 

2.11E 00 

2.41E 00 

2.96E-06 

0.0 

6.87E-01 

9 77E-01 

1.19E 03 

2 e 24E-01 

1.31E-01 

5 m29E-01 

7 24E-01 

7.00E-06 

4.87E-01 

. .  
Y ARP.0 W 

2.36E 00 

1.04E-01 

1.05E 00 

1.06E-06 

1.57E 00 

5.01E 00 

2 . 1 T E - 0 1  

1.32E 00 

3.03E-06 

3.28E 00 

6.08E-03 

1.43E-01 

2.39E 00 

2.58E 00 

1.76 E-06 

0.0 

7.23E-01 

1.12E 00 

1.37E 00 

2.57E-01 

1.92 E-01  

6.10E-01 

7.69E-01 

8.35E-06 

5. ~ ~ - 0 1  

I .  

1 EO 
HARRCM 

2.27E 00  

8.5 8 E-02 

8.72E-0 1 

5.79E-07 

1.49E 00 

4.86E 00 

1.21 E-0 1 

1.22s 00 

1.16E-06 

3.14E 00 

4.65 E-03 

7.47E-0 2 

2.13E 00 

2.44E 00 

9.72 E-0 7 

0.0 

6 -93  E-0 1 

9.97F-0 1 

1.22E 00 

2.29E-01 

1.235-01 

5.3 e E-o 1 

7.32 E -0 1 

7. i 1E-Ot 

5.00E-0 1 

OVAR 1 ES 

1.99E 00 

7. S7E-02 

7.54E-01 

6.73E-07 

1.33E 00 

4.20E 00 

? . OB€- 01 

1.09E 00 

1.91 E-06 

2.8OE 00 

4.39E-03 

7.134~- 02 

1.88E 00 

2.14E 00 

1.47E-06 

0.0 

6.13E-01 

8.73E-01 

1.06E 00 

2.OOE-01 

1.04E-01 

6.73F-01 

6.56 E- 01 

6.14E-06 

4.29E-01 

PANCREAS 

1.84s OD 

6.90E-02 

6.87E-01 

1.3OE-00 

1 . Z l F  00 

3.93F 00 

1.02E-01 

9. TIE-01 

2 33F-Oe 

2 - 5 5 ?  00 

3.93E-03 

6.61E-02 

1.70E 00 

1.97F 03 

2.19E-06 

0.0 

5.63E-01 

7.84E-0 1 

9.53E-01 

1.80F-01 

9.97E-02 

4.23E-01 

5.90E-01 

5.6lE-06 

3.90E-31 

SKELFTON 

2.4OE 00 

1.06E-01 

1.07E 00 

2.86E-06 

1.59E 00 

5.09F 00 

2.24E-01 

1.34E 00 

5.72E-06 

3.33E 00 

6.20E-03 

1.46F-01 

2.44E 00 

2.62E 00 

4.81E-06 

0.0 

7.3 5 E-01  

1.14E 00 

1.39F 00 

2.61F-01 

1.96E-01 

6.20E-01 

7.82E-01 

8.48E-OC 

5.84E-01 



PHOTOhl DOSE-RATE CONVERSION FACTORS FOR V A R I O U S  OPCAYS FOR IMMERSION I N  CONTAWINATE0 A I R  
I N  S V I Y R  PER B W ( C U 8 I C  CNI 

WUCLI DE 

MN-56 

UN-57 

FE-52 

FE-55 

FE-59 

C0-56 

CO-57 

CO-58 

c o - 5 8 M  

CO-60 

C0-60Y 

C0-61 

h l - 5 6  

Nl-57  

NI-59 

NI-63 

Nl-65 

CU-61 

CU-62 

C U - 6 4  

CU-67 

LN-62 

Z N d 5  

LN-69 

L H - E 9 *  

HALF-LIFE 

2.5785 n 

1.47 W 

8.275 H 

2.7 Y 

44.63 0 

78.76 0 

270.9 0 

70.80 O 

9.15 H 

5.271 Y 

10.47 Y 

1.650 H 

6.10 0 

36.08 n 

7.5E4 Y 

100.1 Y 

2.520 n 

3.408 n 

9.74 u 

12.101 H 

61.88 0 

9.26 H 

244.4 0 

55.6 W 

13.76 n 

S K I N  

3.35E 00 

1 e33E -0 1 

1.32E 00 

3. 72E-04 

2.24E 00 

7.09E 00 

2.09E-01 

1.85E 00 

5.39E-04 

4.7OE 00 

8.5 BE -03 

1.58E-0 1 

3.21E 00 

3 . 6 2 E  00 

6 26E-04 

0.0 

1.03E 00 

1.50E 00 

1.82E 00 

3.43E-01 

1.98E -0 1 

8 2OE-0 1 

l.lOE 00 

1.07E-05 

1.45E-01 

SPLEEN 

2.04E 00 

7.88E-02 

7.8bE-01 

5 . O ~ E - O T  

1.35E 00 

4.35E 00 

1 ZSE-0 1 

1.09E 00 

I .  27E-06 

2.84E 00 

4.51E-03 

8.26F-02 

1.92E 00 

2.20E 00 

8.45 G O T  

0.0 

6.27E-01 

8.89E-01 

1.08E 00 

2.04E-01 

1 19E-01 

**el€-01 

.6*60E-01 

6 . 3 8 6 0 6  

4 43 E-0 1 

STOMACH 

2.08E 00 

7.96E-02 

7.91E-01 

4.55E-07 

1.37E 00 

& . W E  00 

1.24E-0 1 

1.11E 00 

1 29E-06 

2.88E 00 

4.59E-03 

8.47E-02 

1.94E 00 

2.23E 00 

7. b4E-07 

0.0 

6 ;4E-0 1 

8.98E-0 I 

1.09E 00 

2.06E-01 

1.18E-01 

4 87€-01 

6.70E-01 

6 r42E-06 

4.46E-01 

TESTES 

2.93E 00 

1. 17E-01 

1.17E 00 

1 62 E-0 5 

1.95E 00 

6.24E 00 

1 95 E - 0  1 

1.60E 00 

2.68E-05 

4.09E 00 

7.03E-03 

1.41E-01 

2.81E 00 

3.17E 00 

2.72E-05 

0.0 

9.01 E-0 1 

1.31E 00 

1.60E 00 

3.00E-01 

1.82E-01 

70 14E-01 

9.54E-01 

9.43 E-06 

6.55E-01 

THIMUS 

2.32E 00 

9.0 8 E -0 2 

8.86 E-0  1 

3.72E-10 

1.56E 00 

4.94E 00 

1 5 1 E -0 1 

I . 2 t E  0 0  

7.53 E-0 7 

3.28E 00 

5.52E-03 

1 . lOE-01  

2.ZOE 00 

2.50E 00 

6.26 E e l  0 

0.0 

7.18E-01 

9.99E-0 1 

1.21E 00 

2.28E-0 1 

1.4OE-0 1 

.5.43€-0 1 

7.65F-01 

7.10 €4 6 

T W R 3 I D  

2.74E 00 

I .  1 1E-01 

1.09E 00 

1. 12E-06 

1.85E a0 

5.8ZE 00 

1.94E- 01 

1.51E 00 

3. 61E-06 

3.88E 00 

6.66E-03 

1 37E- 01 

2.66E 00 

2.97E 00 

1.87E-06 

0.0 

8.51E-01 

1.22E 00 

1.48E 00 

2.78E-01 

1.78E-01 

6.64E-01 

9. IO€-01 

8.7SE-06 

4.93 E-01 6 oO7E-01 

UTFQIJS 

1.88E 00 

7.08E-02 

7.OZE-01 

1.635-13 

l .23E 00 

4.00C 00 

1 09E-0 1 

9.80E-01 

1.43F-07 

2.60F 00 

&.OPE-03 

7.31E-02 

l . 7 t E  03 

2.03E 00 

2.73E-10 

0.0 

5.7TS-01 

7.96E-0 1 

9.68F-0 1 

1.82E-01 

1.05E-01 

4030E-0 1 

5.99E-01 

5.7lE-06 

3.97E-01 

T O T A L  
ROOY 

2.37E 00 

9.3OE-02 

9.27E-01 

2.23E-05 

1.57F 00 

5.05E 00 

1.52E-01 

1.28E 00 

3.43E-05 

3.31E 00 

5.56E-03 

1.38E-01 

Z.25E 00 

2.56E 00 

3.75E-05 

0.0 

7.2 8E-01  

1.OSE 00 

1.27F 00 

2.39E-01 

1.13E-01 

5.69E-01 

7.70E-01 

7.50E-06 

5.21E-01 



PHOTON DOSE-RATE CWERSION FACTORS FOR VARIOUS. ORGANS FOR I M M E R S I O N  I N  CONTAMINATE0 A I R  
1 Y  SV/YR PER RWtCUBIC CW 

NUCL I OE 

G A-66 

G 1-6 7 

GA-68 

GA-72 

GE-68 

GE-71 

GE-T7 

A 5- 72 

AS-73 

AS-74 

AS-76 

AS-77 

SE-73 

SE-75 

SE-79 

BR-77 

ea-eo 

BR-8OY 

RQ-82 

,8R-93 

89-04 

8R-85 

KR- 79 

KR-81 

UR-83Y 

HALF-LI FE 

P.40 H 

3.'261 0 

68.0 Y 

14.1 H 

288 0 

11.8 0 

11.30 ti 

26.0 H 

80.30 0 

17.77 0 

26.32 b4 

38.8 H 

7.15 H 

119.78 D 

6.5E4 Y 

51.04 n 

11.4 Y 

4.42 H 

35.30 H 

2.39 H 

31.80 M 

172 S 

35.04 n 

2e'LES Y 

1.a n 

AQREN BL S 

3.18E 00 

1.63E-01 

1 . l l E  00 

3.42E 00 

8.86E-06 

8 . 9 7 ~  -01 

1.26E 00 

2.13E 00 

3.31E-03 

9.01E -0 1 

5.11E-01 

1 OOE - 0 2  

1.25E 00 

4.46E-01 

0.0 

3.69E -0 I 

8.83E-02 

4.02E-03 

3.16E 00 

8 . 7 i ~ - 0 3  

2.3OE 00 

8.07E-02 

2.95E-01 

1 . 1 6 E d 2  

1.61E-05 

BLAODEP 

3.19E 00 

1 '5 2 E-0 1 

1.OSE 00 

3.43E 00 

2.0 1 E- 12 

2.03E-12 

1.21E 00 

2aOSE 00 

3.92E-03 

e. 58E-01 

4.95E-01 

9.29E-03 

1.19E 00 

4.12F-01 

0.0 

3.48E-01 

8.43 E-02 

5.96 E-0 3 

3.07E 00 

8.28E-03 

2.33E 00 

7 87 E-02 

2 79 E-01 

1.06E-02 

4.22 E- Ob 

BRA1 N 

3.53E 00 

1.63E-01 

1.17E 00 

3.84E 00 

7. LOE-07 

i . i 9 ~ - 0 7  

1.34E 00 

2.30E 00 

3.37E-03 

9.59E-01 

5.54E-01 

1.01E-02 

1.31E 00 

4.45E-01 

0.0 

3.85E-01 

9.42E-02 

3 OIE-03 

3.45E 00 

9.23E-03 

2.59E 00 

8.85E-02 

3.09E-01 

.1.15E-02 

3.34E-06 

BQE AST 

4.06E 00 

2.43E-01 

1.39E 00 

4.31E 00 

t . e7E-04 

6.95E -04 

1.63E 00 

2.66F 00 

1.09E-02 

1.13F: 00 

6.37E-01 

1.36E-02 

1.64E 00 

6.37E-01 

0.0 

4.78E-01 

I .  IO€-01 

1.98E-0 2 

3.91E 00 

1 09 E-02 

2.94E 00 

9.9lE-02 

3.80E-01 

1.7ZE-02 

b 24  E-04 

... 

HE ART 

3.17E 00 

1 48E-0 1 

1.03E 00 

3.41E 00 

l . l tE -06  

1.17E-06 

1.19E 00 

2.02E 00 

2.99E-03 

8-41 E-0 1 

4. e6 F-0 1 

9.0bE-03 

1.16E 00 

4.02E-01 

0.0 

3 4 0 E -0 1 

8 . m - 0 2  

2.8 JE -0 3 

3.03E 00 

8.09E-03 

2.32E 00 

7.78E-02 

2.73E-01 

1.04E-02 

4.04E-06 

SMALL 
INTEST I Y E  

2.94E 00 

1 3 1  E-01 

9.27E-01 

3.15E 00 

1 55E-08 

1.57E-08 

1.07E ob 

?.83E 00 

2.83E- 03 

I.57E-01 

4.4lE-01 

8.12E-03 

?.04E 00 

3.58E-01 

0.0 

3.06E- 01 

7.46 E- 02 

3 22 E-03 

2.75E 00 

7 2 BE-03 

2.16E 00 

7.07E-02 

2.45E-01 

9.28E-03 

2 Z5E-06 

UPPEP 
LA? GE 

1 YTEST r V E  

3.37E 00 

1.5TE-01 

1.09E 03 

3.63E 00 

2.09E-08 

2. 1 2 ~ - 0 e  

1.26E 03 

2.15E 00 

3.38E-03 

e. 9 x - 0 1  

5. I7E-01 

9.60E-03 

1 2 3 E  00 

4.ZTE-01 

0.0 

3.6lE-01 

8.77E-02 

6.56F-03 

3.22E 03 

8.59E-03 

2.47E 00 

8.28E-02 

2.89F-01 

1 09E-02 

3.35E-06 

COYER 
LARGE 

IYTESTINE 

3.12E 00 

1.45E-01 

I .OIE 00 

3.35E 00 

3.65E-06 

3.70F-06 

l.17E 00 

1.98F 00 

2 9 6 F-03 

8.23E-01 

4.77E-01 

e. 9 t ~ - 0 3  

1.14E 00 

3.97E-0 1 

0.3 

3.35F-01 

e. O ~ F - O ~  

3.43E-03 

2.97E 00 

7.93F-03 

2.29E 00 

1.61E-02 

2 6 8E-0 1 

1.03E-02 

9.08E-06 
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WrJfOht OCISE-UATE CONVERSION FACTORS FOP VARlOUS @RCAYS FOR. IMMEP.SIO~1. IN-CONTAYIYATEO A r c \ .  
IN S V I Y Q  PEP B O / ( C U 0 I C  C H I  

wrRo io UTEQUS THYMUS YUCC 1 OE HALF-L 1 FC SKIN SPLEEN STFMACH vESTES 

G b - b d  9.40 n 4 . 9 4 ~  00 3 . 0 8 ~  00 3 . i t ~  03 4 . 4 2 ~  00 3 . 4 6 ~  0 0  4 . 0 5 ~  00 2 . 8 3 ~  00 

GA-67 3.261 0 2.53E-01 1.L9E-01 1.49E-01 2.29E-01 1.74E-01 2.20E-01 1.32F-01 

Gd-68 69.0 M 1.7ZE 00 I .02F 00 1.03E 00 1.51E 00 1 . 1 4 E  00 1.4OE 00 9.lSF-01 

r, 4- 72 11.1 H 5.40E 00 3.31E 00 3.38E 00 4.74E 00 3.75E 00 4.42F 00 3 . 0 C C  03 

GE-68 283 0 1 . C 6 t - 0 3  2 . O l F - 0 6  1.82E-06 6.42E-05 1.61E-09 4.49E-06 6.39E-13 

GE-71 11.8 0 1.48E-03 2.04E-06 1.84E-06 6.50E-05 1.63E-09 4.54E-Ob b.46E-13 

GE-77 11.30 H 1 . 9 5 ~  0 0  1 . ~ 7 ~  00 1 . 1 8 ~  00 1 . m  00 L 3 3 F  0 0  1 . 6 2 ~  00 1 . 0 6 ~  00  

h s - 7 2  26.0 H 3.34E 0 0  1.99E 00 2.02E 00 2.91E 00 2.25E 00  2 .72E 00 1.79E 00 

h5-73 80.30 0 1.24E-02 3.22E-03 3.39E-03 7.44E-03 5.24E-03 6.84E-03 2.67E-03 

LS-74 17.77 0 1.41E 00  8.32E-01 8.436-01 l.22E 00 9.36E-01 1.14E 00 7.44C-01 

4 5 - 1 6  26.32 H 8.01E-01 *.78E-01 4.05E-01 C.98E-01 5.42E-01 6.53E-01 4.32F-01 

AS-77 38.8 H 1.52E-02 9.12E-03 9.13E-03 1.36E-02 1.03E-02 :.28E-02 8.13F-03 

SE-73 7.15 H 1 . 9 6 ~  00 1 . 1 5 ~  0 0  1 . 1 6 ~  00 1 . 7 2 ~  00 1 . 3 0 ~  0 0  1 . 6 0 ~  00 1 . 0 3 ~  00 

$E- 75 

SE-79 

BR-77  

89-80 

BR-BOr 

BR-82 

W-83 

Sc\-8+ 

8R-85 

KR-79 

K R - 8 1  

KR-83Y 

119.78 0 

6.5E4 V 

51.04 H 

17.4 M 

4.42 H 

35.30 H 

2.39 H 

31.80 M 

172 S 

35.04 H 

2.1E5 Y 

1.83 n 

6.76E-0 1 

0 .0  

5 . 7 l E - 0 1  

1.38E-01 

2.24E-0 2 

4.97E 00 

1 . M - 0 2  

3.60E 0 0  

1.27E-01 

4.58E-01 

2.01E-02 

1.16E-03 

4.07 E-0 1 

0.0 

3.39 E-0 1 

8.16E-02 

3.65F-03 

2.97E 00 

8.03E-03 

2.2SE 00 

7.58E-02 

z.riE-01 

1.05E-02 

6.81 E-06 

4.05E-01 

0 .o 

3 42E-0 1 

8 .21~-02  

4.04E-03 

3.01E 00 

8.12E-03 

2.31E 00 

7. m - 0 2  

2.74E-01 

1 .OSE-02 

7 12E-06 

6. LLE-01 

0.0 

S.OLE-01 

1.20 E-0 1 

1.3OE-02 

4.32E 00 

1. L8E-02 

3.21E 00 

1.10E-01 

4.00E-01 

1 57 E-02 

1 02 E-04 

4.65 E-0 1 

0.0 

3.82E-01 

9.22 E-02 

7.47E-0 3 

3.4OE 00 

8.99E-03 

2.54E 00 

8.75 E-0 2 

3.OSE-01 

I. 18E-02 

5.16E-06 

5.85E- 01 

0 .o 

4. TOE-01  

1.1ZE-01 

1.02E-02 

4.00E 00 

I .  IO€-02 

2.96E 00 

1 05E-01 

3.75E-01 

1 47E- 02 

2 O2E- 05 

3. 6 lc -01  

0.0 

3 03’-0 1 

7.3OF-02 

2. 77E-03 

2.68E 00 

7.195-03 

2.08E 00 

b.85E-02 

2.43E-01 

9.3 SF -0 3 

I. 54F-06 

rovdc 
ROOY 

3.5bE 00 

1.79E-01 

1.2OE 00 

3.84E 00 

8.82F-05 

8.92F-05 

L 3 8 k  00 

2.33E 00 

5.45E-03 

9. rw-o i  
5.60E-01 

1.08E-02 

1.37E 00 

4.82F-01 

0.0 

3.99F-01 

9.59E-02 

8.79E-03 

3 . 4 1 ~  00 

9. 4CE-03 

2.59E 00 

8.87E-02 

3.19E-01 

1.25E-02 

1.08E-04 

A 
m 
0 



v ~ n i o N  O M E - R A ~ E '  CONVEPSION FACTORS FOR VARIOUS O Q G A V S  FDR IMMERSION IN CONTAYINATEO AIQ 

IN SV/YR PER R O I ( C U S I C  C C I  

N V G 1  I DE 

KR-85 

KR-85Y 

K R - 8 1  

K9-88 

KQ-89 

KQ-90 

Re-81 

Q8-82 

R8-83 

98-04 

Re-86 

QB-8T 

Q8-98 

R8-89 

Qq-90 

RB-90Y 

SQ-82 

59-85 

SR-BSM 

SR-87Y 

SR-89 

SS-90 

SQ-91 

Sa-92 

34-93 

HALF-11 FE 

10.72 Y 

4.48 H 

76.3 H 

2.84 t i  

3.16 H 

32.32 5 

4.58 H 

1.25 V 

86.2 0 

32.9 0 

18 . t t  0 

4.73E10 Y 

11.8  M 

L5.44 Y 

157 S 

258 S 

25.0 0 

64.84 0 

67.66 Y 

2.805 Y 

50.55 D 

28.6 Y 

9.5 H 

2 - 7 1  H 

7.3 Y 

LC'REN AL 5 

2.60E-03 

1.82E-01 

1.01E 00 

2.53E 00 

2.30E 0 0  

1.53E 00 

1.0 5E -0 1 

I . 2 8 E  00  

5.83E-01 

1.08E 00 

1.14E-01 

0.0 

8.06E-01 

2.58E 00 

2.89E 00 

4.20E 00 

5.91E -05  

5 .95E-0  1 

2.50E-0 1 

3.71E-01 

1 . 6 7 E 4 4  

0.0 

8.32E-01 

1.58E 00 

2.73E 00 

BL A 00 E 4 

2 0 T E-03 

! .6TE-01 

L.01E 00 

Z.59E 00 

2.31E 00 

1.52E 00 

6.64F-01 

1.22E 00 

5.54E-01 

I .04E 00 

1.12E-01 

0.0 

8.19E-01 

2 59F 00 

2.93E 00 

4.24E 00 

1.06E-0.7 

5.C5F-01 

2 28F-0 1 

3.47E-01 

1.62 E-04 

0.0 

8.08E-01 

1.58E 00 

2.68E 00 

B P A r N  

2.75 E-03 

1.80E-01 

1.12E 00 

2.886 00 

2.57E 00 

1.7OE 00 

7 33 E-01 

1.36E 00 

6.18E-01 

I . 1 7 E  0 0  

1 -26E-01 

0.0 

9.16E-01 

2.90E 00 

3.21E 00 

4.71E. 00 

T 5 BE-06 

6.30E-01 

2.45E-01 

3 82E-01 

1 -82E-04 

0.0 

9.08E-01 

1.T8E 00 

3.01E 00 

. .  

, BREAST 

3.2TE-03 

.2 71 E-0  1 

L.29E 00 

3.26E 00 

2.936 00 

L.94E 00 

.9.2! E - 0 1  

1.61E 00 

T.  336-01: 

1.33E 00 

1. QOE-0 1 

0.0 

1.026 00 

3.24E 00 

3.13E 00 

5i35E 00 

2 23E-03 

T .  52E-01 

3.55E-01 

4.8lE-01 

2.03E-04 

0.0 

1.92E 00. 

1.9TE 00 

3.42E 00 

, '  

HEART 

2 41  E -0 3 

1 64E-0 1 

1.0QE 00 

2.58E 00 

2.29E 00 

1.50E 00 

6.49E-01 

1.19E 00 

5.42E-01 

1.02E 00 

I .  ll E-01 

0.0 

8.15E-0 1 

2.51E 00 

2.92E 00 

CI.22E 00 

1.lOE-0s 

5 5 2E-0 1 

2.23E-0 1 

3.38E-01 

1.60E-04 

0.0 

SMALL 
INTEST rw 
2.17E-03 

! 44E-01 

9.29E- 01 

2.40E 00 

2.1ZE 00 

1.38E 00 

5.8ZE-01 

l.07E 00 

4.81E-01 

9.2TE-01 

1.01E-01 

0.0 

T.56E- 01 

5.38E 00 

2.16E 00 

3.93E po 

1. LIE-06 

4.97E-01 

1 99E- 01 

3 04E-01 

1 45E-00 

0.0 

l P P E R  
L A Q G E  

I Y T F S T I V E  

2.56E-03 

1.74F-01 

1.0TF 00 

2.746 03 

2.44F 00 

1.60F 03 

6.88E-01 

1.26F 00 

5. T5E-01 

1.09E 00 

1.18F-01 

0 . 0  

8.67E-01 

2. T4F O p  

3.10E 00 

4.49E 00 

2.24E-07 

5.86€-01 

2.365-01 

3. S8E-0  1 

1 TOE-09 

0.0 

8.48E-01 

1.66E 00 

2.82E 00 

LOWER 
L A Q G E  

r Y T E S T l N E  ' 

2.36E-03 

1.61 E-01 

9. 88E-01 

2.56E 00 

2 2 5 E  00 

L.CTE 00 

6. ME-01  

1 . l T E  00 

5.31 E-0 1 

1.00E 00 

1.08E-01 

0.0 

8.00E-01 

2.53E 00 

2.90E 00 

9.16E 00 

3. !9F-05 

5.41E-0 1 

2.22F-01 

3.36E-01 

1.56E-04 

0.0 

7.BOE-01 

1.53E 00 

2.60E 00 



Pc*JfON 00SE-RATE COWEQSION FACTORS ,FOP VARIOUS OQGANS FOR IMHERSlON I N  COYTAYINATFD A I R  
I Y  SVIYQ PEW PO/(CUBIC C P 8  

NUCLI OF 

KQ-85 

KR-85Y 

KR-87 

KQ-88 

KR-99 

KR-90 

D 8 - 8 1  

e 8 4 2  

QB-83 

Qq-84 

Q8-86 

RB-87  

'RB-88 

Q@-89 

RR-90 

R 8-90 '4 

SR-82 

SR-85 

SR-85H 

SQ-871 

SQ-89 

SR-90 

54-91 

59-92 

SR-93 

HfAF-LIFE 

10.72 Y 

4.48 H 

76.3 M 

2 . m  n 

3 - 1 6  Y 

32 .32  S 

4.58 H 

1.25 W 

86.2 0 

32.9  0 

18.66 0 

4.73c10 Y 

17.8 M 

15.44 H 

1 5 7  S 

25% s 
25.0 0 

64.84 D 

67.66 M 

2.805 H 

50.55 0 

28.6 V 

9.5 H 

2 .71  H 

7.3 M 

UIONWS 

2.56E-03 

1. TOE+ 1 

1.08E 00 

2.77E 00 

2.46E 00 

1.59E 00 

6.87E-01 

1.26E 00 

5 .7% -0 1 

1.09E 00 

1.18E-01 

0.0 

8.72E-01 

2.7% 00 

3.21E 00 

4.55E 00 

2.54E-06 

5.86E -0 1 

2.35'2 -0 1 

3.59E-01 

1.69E-04 

0.0 

8 .46E-01 

1.66E 00 

2.83E 00 

L I VEP 

2.45E-03 

'I .  t 6  E-0 1 

1.OlF 00 

2.60E 00 

2.31E 00 

1.51E 00 

6 6OE-0 1 

1.21E 00 

5.50E-01 

1.:03€ 00 

~ l . l l € - o L  

0.0 

8.2 I F-01 

2.59E 00 

2.'94E 00 

4.25E 00 

3.72E-06 

5.62 E-0 1 

2.28F-01 

3.45E-01 

1 . 6 1  F-04 

0.0 

8.03 E-0 1 

1.57E 00 

2.68E 00 

LUNGS 

2.63E-03 

1.82E-01 

1 . O f E  00 

2.73E 00 

2.53E 00 

1.61E 00 

7.1 LE-01 

1.30E 00 

5.91E-01 

1.lOE 00 

1.1'8E-01 

0.0 

8.64E-01 

2.73E 00 

3.05E 00 

4.46E 00 

5.66E-05 

6.03E-01 

2 4 7E-01 

3 72E-01 

1 . ,TLE-04 

0 .o 

8.56E-01 

1.66E 0 0  

2.84E 00 

YARROW 

3.03 E-03 

2.61E-01 

1.14E 00 

2.84E 00 

2.58E 00 

1 . W E  00 

8.56E-01 

1.49E 00 

6.76E-01 

1.21E 00 

1 26 E-0 1 

0.0 

8.96E-01 

2.86E 00 

3.17E 00 

4.65E 00 

5.63E-05 

6.93E-01 

.3.36 E-0 1 

4.48E-01 

1.84E-04 

0.0 

9.25E-01 

1.75E 00 

3.07E 00 

PED 
HARROW 

2.10E-03 

1 75E-0 1 

1.09E 00 

2.77E 00 

2.48E 00 

1.62E 00 

7.22 E-0 1 

1.33E 00 

6.04E-0 1 

1.1ZE 00  

1 .20E-0 1 

0.0 

8.76E-01 

2.77€ 00 

3.19E 00  

4.57E 00 

1 90E-05 

6.17E-01 

2.49E-0 1 

3.83E-0 I 

1 76 E-04 

0.0 

8.68E-0 1 

1.68E 00 

2.896 0 0  

O V A R I  ES 

2 - 3 6  E- 03 

1 46E-01 

9.25E-01 

2.36E 00 

2.13E 00 

1 4 Z E  .oO 

6.22E-01 

1.16E 00 

5.30E-01 

9.99E - 01 

1.07E-01 

0.0 

7.56E-01 

2.42E 00 

2.63E 00 

3.89E 00 

3.03E-05 

5.40E-01 

2. OZE- 01 

3.24E-01 

1.56E-04 

0.0 

7.77E- 01 

1.49E 00 

2.53E 00 

PANC9EAS 

2 . l l E - 0 3  

1.4OF-01 

8.83E-01 

2.27E 0 0  

2.O2E 00 

1.3CE 00 

S.67F -01 

1.04F. 00 

0.74E-01 

8.92E-01 

9.64E-02 

0.0 

7.14F-01 

2.25E 00 

2.62E 03 

3.72E 03 

3.60E-05 

4.83E-01 

1.95E-01 

2.985-01 

1 39E-04 

0.0 

6.94E-01 

1.36E 03 

2.32E 00 

SUECE TON 

3.08C-03 

2.67E-01 

1.16E 00 

2.89E 00 

2.62F 00 

1.77E 00 

8.72E-01 

1.51E 00 

6.87E-01 

1.23F 00 

1.28E-01 

0.0 

9. LLE-01 

2.91E 00 

3.22F 00 

4.73E 00 

9.25E-05 

1.04E-01 

3.43E-01 

4.56F-01 

l .88E-04 

0.0 

9.41E-01 

1.78E 00 

3.12E 00 

A 

ul 
N 



PHrlTOY DOSE-RATE COYVERSION FACTClP S FOR VARIOUS OOGAVC FOP. [HHERSIOY I N  CONTAYINATEO 4 1 R  
I N  S V / Y R  PER RwtcuaIc  c n ~  

NUCL I r)E 

KQ-85 

UR-851  

YQ-87 

KR-88 

KR-89 

KO-90 

R R - 8 1  

0 9 4 2  

QB-@3 

Rn-84 

QQ-86 

ne-87 

98-60 

P.8-89 

Re-90 

Q 9-90Y 

SQ-82 

SQ-85 

SQ-85Y 

sa -am 

sa-89 

SQ-90 

SR-91 

SR-92 

SR-93  

HALF-LIFE 

10.72 Y 

4 . 4 8  H 

76.3 W 

2.84 H 

3.16 Y 

32.32 5 

4.58 H 

1.25 Y 

86.2 0 

32.9 0 

18.66 0 

k.73ElO Y 

17.8 Y 

1 5 - 4 4  M 

157 S 

258 S 

25.0 0 

64.84 0 

67.66 M 

2.805 H 

50.55 0 

28.6 Y 

9.5 H 

2.71 H 

7.3 M 

S K I  N 

4 . 0 4 E 6 3  

2.73E-01 

1.58E 00 

4.OOE 00 

3.605 00  

2.42E 00 

1.09E 00 

1.99E 00  

9.10E-0 1 

1.69E 00  

1. 8OE -0 1 

0.0 

1.28' 00 

4 .085  00 

4.40E 00 

6 . 5 %  00 

3 . 9 4 E 4 3  

9 .29E-01 

3 .73E-01 

5 .68E-01  

2.62E-04 

0.0 

1.31E 00  

2.50E 00 

4.29E 00 

SPLEFN 

2. IO€-03 

1. t6E-01 

9.77E-01 

2.49E 00 

2.23E 00 

1 . W E  00 

6 I. ?E-0 1 

1.18F 00 

5.37-0 I 

c..OOE 00 

I .  08F-01 

0.0 

7.89s-01 

2.50F 00 

2.84F 00 

h.09E 00 

2 . l t F - 0 5  

S.48F-01 

2.26E-01 

3 39  F-01 

I .  56 E-Ok 

0.0 

7.79E-01 

1.52F 00 

2.59E 00 

STnMACH 

2.42E-03 

1.65E-01 

9.97E-01 

2.55E 00 

2.28E 00 

1.48E 00 

6 5ZE-01 

1.19E 00 

5.43E-01 

1.02E 00 

1.1OF-01 

0.0 

8.04E-01 

2.55E 00 

2.95E 00 

4.21E 03 

2 -21  E-05 

5.54E-01 

2.25E-01 

3 - 4  1 E-01 

1.59E-04 

0.0 ' 

7 93E-0 1 

1.54E 00 

2.64E 00 

TESTFS 

3. Sa€-03 

2.51E-01 

1.4OE 00 

3.55E 00 

3.19E 00 

2.12E 00 

9.59E-01 

1.74E 0 0 -  

7.92 E-01 

1.47E 00 

1.5t E - 0 1  

0.0 

1.12E 00 

3.58E 00 

4.04E 00 

5.85E 00 

4.02E-04 

8.09E-01 

3.3 8 E-01 

5.01E-01 

2.27E-04 

0.0 

1.13E 00 

2.18E 00 

3 . 7 5 ~  00 

THY MUS 

2.68 E -0 3 

1 9 2  E-U I 

1 .09E 00  

2.80E 00 

2.52E 00 

1 . 6 7 ~  0 0  

7 2 8 E-0 1 

1.32E 00  

6.02 E-0 1 

1.1SE 0 0  

1 2 5 E -0 1 

0.0 

8.9 1 E-0 1 

2.85E 00 

3.2OE 00 

4m63F 00 

7. +6 E -or 

6.13E-0 1 

2 . s n - 0 1  

3.77E-01 

1.8 l E-04 

0.0 

9 .00E-01 

1.74E 00 

2.95E 00 

rHYRt3 IO 

3.2 r E- 03 

2.4CE-01 

1.29E 00 

3 . m  00 

2.96E 00 

1.99E 00 

8.97E-01 

1.62E 00 

7.35E-01 

1.39F 00 

1.49E- 01 

0.0 

l . 0 4 E  00 

3.35E 00 

3.65E 00 

5.39E 03 

6.62E-05 

7.49E -01 

3.24E-01 

4.66E-01 

2.16E-(# 

0.0 

1.08E 00 

2.06E 00 

3.52E 00 

UTFQUS 

2.14E-03 

1.47F-0 1 

9.OSE-01 

2.34E 00 

2-06? 00 

1.345 0 0  

S . ~ ~ E - O L  

1.06E 00 

4.8lE-01 

9.32E-0 I 

9 . r r ~ - o z  

0.0 

7.36E-01 

2.30E 00 

2.60E 00 

3.77c 00 

2.1oc-08 

4.90E-01 

2.OlE-01 

3.03E-01 

1.41)E-04 

0.0 

7.01E-01 

1.40E 00 

2.37E 00 

T n f A L  
RDOY 

2 . 8 2 E - 0 5  

1.9TE-01 

1.13E 00 

2.88E 00 

2.58E 00 

1 . n ~  00 

7.63E-01 

1.39E 00 

6.32E-0 1 

1.18E 00 

1.26E-01 

0.0 

9.13E-01 

2.90E 00 

3.24E 00 

4.72E 00 

4.1 LF-04 

6.'5E-0 1 

2-15 7E-0 1 

3.98E-01 

1. 8ZE-04 

0.0 

9.12E-01 

1.77E 00 

3.02E 00 
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PHnTON DOSE-QAT€ CONVERSION FACTOPS FCR VAPIOUS ORGAYS FOP. IMMERSION I N  CONTAVIVATFO AIR 

NUCLIDE 

Y-94 

Y-87 

Y-88 

Y-90 

Y-90H 

Y-91 

Y-91q 

Y-92 

Y-93 

Z9-86 

La-w 

2-89 

LQ-93 

LR-95 

29-97 

49-90 

Y B - 9 1  

YB-91Y 

NB-92 

Y9-92Y 

Y9-93Y 

Ne-94 

VB-944 

NE-95 

NB-954 

H4LF-LI FE 

14.74 H 

80.3 H 

106.60 0 

64.1  H 

3.19 H 

58.51  0 

49.71 U 

3.54 H 

10.1 H 

16.5 H 

03.4 0 

78.43 H 

1.53E6 Y 

64.02 D 

16.90 H 

la.60 t i  

1E4 Y 

6 1  D 

3 . 6 ~ 7  Y 

10.15 0 

14.6 Y 

2.03E4 Y 

6.26 U 

35.06 D 

86.6 H 

KIDNEYS 

4.53E 00 

5 . Z l E - 0 1  

3.59E 00 

0.0 

r . 1 2 ~ - 0 1  

t .  1bE-O 1 

4.4 T 9 - 0  3 

3 .12E-OI  

1.14E-01 

3.01E-01 

I. 29E-OL 

1-41!! 00  

0.0 

8 . S l E - 0 1  

2 .22E-01 

5 .C7E 00 

1.95E-03 

5.28E-02 

1.8lE 00' 

1 . Z O E  0 0 .  

l . l O E - 0 5  

1.92E 00 

5.16E-03 

9.3 LE -0 1 

6.49E-02 

LI VEP 

4.30E 00 

5.00'-03 

3.39F 00 

0.0 

6.85F-01 

4.2aF-03 

5.90E-01 

2.96 F-01 

1.08F-01 

2 90E-01 

4 13E-0 1 

1.34F 00 

0.0 

8.48 F-0  1 

2.11F-01 

5.34F 00 

I. 8 t  E-03 

5.01 E-02 

1.73E. 00 

1.13E 00 

6.30 E-06 - 

1 83 E ' 00  

4.08E-03 

8.85E-01 

6.27F-02 

LUNGS 

4.56E 00 

s 0 3 r ~ - 0 1  

3.58E 00 

0 .o 

7.39E-01 

4.49E-03 

6 .XE-01  

3. IS€-01 

1.15E-01 

3.14E-01 

4.45 E-01 

1.43E 00 

0.0 

9.07E-01 

2.24 F-01 

5.63F 00 

2.1.5E-03' 

5.32E-02. 

1.84E 00 

I.2IE OD 

3 5 8E-05 

1.95E 00 

5 3 1 6 0 3  

9 46  E-0 1 

6 0  82E-02 

RARCOW 

4.90E 00 

t .22E-01 

3.73E 00 

0.0 

9. WE-01 

4.74E-03 

7.19E-01 

3.37E-01 

1 26E-0 1 

4.09E-01 

C.3eE-01 

1 . 5 t E  00 

0.0 

9.95E-01 

2.Q4E-01 

5.95E'  00 

7.46E-03 

5.6t E-02 

2.02E 00 

1.30E 00 

4.47E-05 

2.13E 00 

5. 7r~-03 

1.03E 00 

9.13E-01 
. .  

PED 
M4PROW' 

4.63E 00 

S.SOE+l 

3.62E 00 

0.0 

7 .5 lE-0  1 

4.5 3 E-0 3 

6.46 E-0 1 

3.19E-01 

1.17E-01 

3.19E-0 I 

4.59E-0 1 

1.45F 00 

0.0 

9.22E-01 

2.28E-0 I 

5.71E 00' 

2-08 €-0 3' 

5.3CE-02 

1.87E 00 

I . 2 Z E  00 

L - Z L E - 0 5  

1.98E 00 

5.29E-0 3 

9.6ZE-0 1 

6 9 3 E -0 2 

OVARl ES 

4.07E 00 

4.78F-01 

3.16E 00 

0.0 

6.39E-01 

4.05E-03 

5.69E- O? 

2 .94E-01 

1. O l E -  01. 

2.62E-01 

3.88E-01 

1.30E 00 

0.0 

8.25E-01 

2 . O O E - 0 1  

4.90E do- 
1.86E-03 

4.79E-02 

1.67E 00 

1.1OE 00 

2.12E-05- 

? 0 7 8 F  00 

4.79E-03 

8 .6 lE-01 

50 59E-02 
. .  

PANCP G A S  

3.726 09 

4.3OF-01 

2.9QE 00 

0.0 

5.89F-0 I 

3.6F-03 

5 .  OBF-O! 

2.56F-01 

9.395-02 

2. W E - 0  I 

3.57E-01 

1.16F 00 

0.0 

7.3 l c - O  1 

I .RtF-01 

4.64F 00 

1.6gE-03 

4.34F-02 

1.49F 00 

9. r9+0 i 

2.OSE-05 

1.58F 00 

4.265-03 

7.64E-0 1 

5.43F-02 

SKELFTON 

4.98E 00 

6.33 E - 0  1 

3.80F 00 

0.0 

9.25E-01 

4.82E-03 

7.30 E-0  1 

3.13E-01 

1.28F-01 

Q.17E-0 I 

5.65F-0 1 

1 . 5 9 F  00 

0.0 

1.01c 00 

2.48E-01 

6.05F 00 

2.56C-03 

5.  76F-02 

2.05E 00 

1.32E 00 

5.89E-05 

2.17E 00 

5.92C-03 

1.35= 00 

9.32E-02 
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PHOTCY OOSE-RATE CONVERSIOY FACTORS FOP VARlnUS OPGAQS FOP. IMHEP.SION I N  CONTAMINATE0 4 1 R  
IN SVIYQ P F R  Bo/(cueIc C M ~  

NUCL IC)€ 

NB-96 

V8-97 

YB-97Y 

M n - 9 1  

wc-93 

YC-99 

Y h  10 1 

TC-95 

TC-9TY 

TS-96 

TC-064 

7C-Q7 

IC-974 

TC-98 

ic-99 

rc-99w 

TC- 10 1 

RU-97 

PI)-103 

RU-105 

QU-106 

RH-103M 

pH-105 

PH-1 O5Y 

RH-1Ob 

HALF-L I FE 

23.35 H 

72.1 Y 

60 S 

15.49 M 

3 . 5 6  Y 

66.02 H 

14.61 M 

20.0 H 

6 1  0 

4.28 o 

51.5 rl 

2.6E6 Y 

89 0 

4.2E6 v 

l.ljE5 Y 

6-07 H 

14.2 y 

2.9 0 

39.35 0 

4.44 H 

368.2 0 

56.119 M 

35.36 H 

45 s 

29.92 S 

ADREV AL S 

2.97E 00 

7.95E-01 

8. 8OE -01 

1.14F 00  

1e87E -0 4 

1.85E-0 1 

1.8lE 00 

9.SlE-01 

7.93E-OL 

i .03E 00 

6.97E-02 

2.51E-04 

5.6 l E - 0 4  

1.66E 00 

5.14E-07 

1.43E-01 

4.00E-01 

2.64E -0 I 

5.63E-0 1 

9.36E-01 

0.0 

6.91E-05 

9 04E -0 2 

3 0 2E -0 2 

2.44E-01 

BLADOFR 

2.87E 00 

7.61E-01 

8 46 E-0 1 

1.08E 00 

1 14E-05 

1.77E-01 

1.79F 00 

9. I6E-01 

r .  S S E - O ~  

2.93F 00 

4.83E-02 

2 91 F-05 

3.6OF-04 

1.6LF 00 

5.12F-07 

1.32E-01 

3.1lF-01 

2. 42E-01 

5 34E-0 1 

8.94F-01 

0.0 

4.02E-0 5 

8-34t-02 

2-79E-02 

2 34E-0 1 

BP A I  Y 

3 . t Z E  00 

8.53E-01 

9.50E-01 

1.21E 03 

3.63E-05 

1.98E-01 

2.O1E 00 

1.03E 00 

8.4OE-01 

3.29E 00 

5.43E-02 

5.41F-05 

3 83E-04 

1.8OE 00 

5.30E-07 

1.42E-01 

4 06E-01 

2 e60E-01 

5 95 E-01 

* .  

9.99E-01 

0.0 

2.48E-05 

9. IO€-02 

2 ~ E - O Z  

2.62E-01 

@ P E A S 1  

3.66E 00 

9.81E-01 

1.08E 00 

1.44E 00 

4. ?9€-03 

2.33E-0 1 

2.28E 00 

1.17E 0 0  

1 . O l E  00 

3 . 7 1 ~  oa 

6 39 E-02 

4.91E-03 

4.82E-03 

2.06E 00 

9.796-07 

2.28E-01 

5.30E-01 

3. TIE-01 

7.11E-01 

1.L7E 00 

0.0 

8.82 E-04 

I .  20E-01 

5.31E-02 

3.OSE-0 1 

HE APT 

2.83E 00 

7.48F-0 1 

6.33 E-0 1 

1.06E 00 

4 78 E-0 5 

1.74E-0 1 

lm77E 00 

9.02 E-0 I 

7.42 F-01 

2.89E 00 

4.17 E-0 2 

6.94 E-05 

3.11 E-04 

1.58E 00 

4 8 3 E -0 7 

1.33E-0 1 

3 62 E-0 1 

?. 36 E-3 1 

5 2 2 F-0 1 

8.78E-01 

0 .o 

2-16 F-0 5 

8.13E-02 

2.74E-02 

2.30F-0 1 

SMAL L 
I W E S T  !YE 

2.57E 00 

6 75E- 01 

7.52E- 01 

9.55E-01 

1.61E-05 

1.57E- 01 

l.62E 00 

8. I6E-01 

6.69E-01 

2.61E 00 

5.34E-02 

2.94E-05 

2 e96 E-04 

1.43E 00 

4 .2OE-01  

1.13E- 01 

- .  . .  
.. , 

3.25E-01 

2. I1E-01 

4.69E-01 

7.92E-01 

0.0 

2.23E-05 

1.30E-02 

2.37E-02 

2 07E-01 

UPWQ 
LAqGE 

I V T C S T I Y E  

3.01F 03 

7.95F-01 

8.86€-01 

1.13c 03 

1 51’-05 

1.85F-01 

1.69F 00 

9.63F-01 

7 . 8 V - 0 1  

3.07F 03 

5. 0TC-02 

4.34c-0C 

3.98F-06 

1.64F 00 

5.19F-07 

1.39E-01 

3 83F-01 

2.5OF-01 

5.5bF-01 

9.33s-01 

0.0 

5.51E-05 

8.50’-02 

2.95E-02 

2 44E-01 

L?Y€Q 
LAPGE 

I Y T E S T l N E  

2 . 7 7 s  00 

7.32F-0 1 

8. IS€-01 

1.045 00 

1. ! 8E-04 

1.71F-01 

1.74E 00 

R.83F-01 

7.28’-01 

2.82F 00 

4.r TE-02 

1 . 5  3C-04 

4. k9E-04 

1.555 00 

4.biE-07 

1.27F-01 

3.58S-Oi 

2.355-01 

5.12E-01 

8.bOc-01 

0.0 

5.02E-05 

8.06F-02 

2- t8F-02 

2.25F-0 I 



YUCLI OE 

Ne-96 

NB-97 

NB-QTY 

W-91 

YC-93 

MF-99 

YO-10 1 

TS-95 

7c-954 

TC-96 

TC-96M 

rc-91 

TC-974 

TC-98 

TC-99 

TC-99Y 

TC- LO 1 

uu-97 

RU-103 

QU-105 

RU-IO6 

RH-LO34 

RH-105 

RH-LOSY 

RH-106 

HALF-LIFE 

23.35 H 

72.1 M 

60 S .  

15.49 M 

3.5E3 v 

66.02 H 

14.61 Y 

20.0 H 

61  D 

4.28 D 

51.5 M 

2.6EC Y 

89 D 

4.2E6 Y 

2.13E5 Y 

6.02 H 

14.2 M 

2.9 D 

39.35 0 

4.44 H 

368.2 D 

56.119 M 

35.36 n 

45 s 
29.92 5 

KIQNWS 

3.OOE 00 

7.93E -0 1 

8.83E-01 

1.13E 00 

6.17E-05 

1.85E-01 

1.89E 00 

9.57E-Ol 

7.87E -0 1 

3.06E 00 

5.07C-02 

1.295-04 

4.88E-04 

1.68'2 00 

5.2 2 E 4  7 

1.34E-0 1 

s.83E-01 

2.49E-01 

5.54E -0 1 

9.31E-01 

0.0 

9.00E-05 

8.61E-02 

2.8SE-02 

2.44E-01 

L I  VEP 

2.86E 00 

7.57F-01 

8-41 F-01 

I .08 t  00 

3.53F-05 

1. 76 F-0 1 

1.79s 00 

9. IOF-01 

7.51 F-01 

2.916 00 

4.81E-02 

5 99F-0 5 

3.82 F-04 

1.60F 00 

5.10E-07 

1.32 E-01  

3.69F-01 

2.4 1 E-0 1 

5.3 LF-01 

8 8 8E-01 

0.0 

3.62E-05 

8 30 E-0 2 

2.78E-02 

2.33E-0 I 

LUNG 5 

3.05E 00 

8.10E-01 

8'. 98 E-0 I 

1.16E 00 

2 . o i ~ - o 4  
1.89E-01 

1.90E 00 

4.72E-01 

8 05E-01 

3.?OE 00 

5 .  13E-02 

2.76E-04 

6.16E-04 

1.71E 00 

5 65E-07 

1.45E-01 

3.98E-01 

2.62E-01 

5.70E-01 

9 5 2E-01 

0.0 

8.23E-05 

8.96E-02 

3.10E-02 

2.49E-01 

M4RPOW 

3.33E 00 

9.00E-01 

9. WE-01 

1.33E 00 

2.50E-04 

2. L E E - 0 1  

2.OSE 00 

l.ObE 00 

9.27 E- 01  

3.37E 00 

5.54E-02 

3.59E-04 

9.42 E-04 

1.89E 00 

9.58E-07 

2.22E-01 

4.95E-01 

3. SO€-01 

6.58E-01 

1.07E 00 

0.0 

1.23E-04 

1.13E-01 

4.82E-02 

2.80E-01 

Q EO 
MARROW 

3.09E 00 

8.2 5E-0 1 

9.14 E -0 1 

1.18E 00 

6.78 F-0 5 

1 e9 1 E-0 1 

1.92F 00 

9.88 E -0 1 

8. I t  E-0 1 

3.l5E 00  

5.19E-02 

9.34 E -05 

3.5 9 E -04 

1.74E 00 

4 .  I&€-07 

1.33E-01 

4.09 E-0 1 

2 - 6 1  E-0 1 

5.83E-01 

9.7OE-01 

0.0 

2.90E-05 

9.2tE-02 

2.72E-02 

2.54E-01 

O V A R I  E t  

2.76E 00 

7.34E-01 

8.17E-01 

1003s 00 

1 I9E-04 

1.69E-01 

1.69E 00 

8.85t-01 

7.16E-01 

2.82E 00 

4.65E-02 

1.68F-04 

4.33E- 04 

1.55E 00 

4.29E-07 

1 L4E-01 

3.  r l E - 0 1  

2. LSE-01 

5 09E- 01 

0.56F-01 

0.0 

5.43E-05 

7.62E- 02 

2.41E-02 

2.24E- 01 

P A W Q  FAS 

2.46F 00 

6.52F-01 

7.25E-01 

9.28'-0 1 

I .  15F-04 

1.5LF-01 

1.55s 00 

7.85F-01 

6.47F-01 

2.SlF 00 

4.lbF-02 

1 .54F-04  

3.96E-04 

1.38E 00 

3. 7BC-07 

1. 09F-01 

3.19F-01 

2.07=-01 

4.57F-01 

7.66E-01 

0.0 

4.26C:-05 

7. LIE-32 

2.29F-02 

2.OIE-0 1 

SK FLFTON 

3.38F 00 

9.15F-01 

1.OOF 00 

1.35F 00 

3.33F-04 

2. LEE-01 

2.08f  00 

1.08E 00 

9.44'-0 1 

3.43E 00 

5.64E-02 

4.54F-04 

1.04E-03 

1.92E 00 

9.86E-07 

2.28E-01 

5.04E-0? 

3.5 BE-01 

6.085-01 

1.09E 00 

0.9 

1.39F-04 

1 15E-01 

4.96E-02 

2.85E-01 



QYOTIW DOSE-RATE CONVEPSION FACTORS FtlR'VAQIOUS ORGAVS FOR IMMERSION I N  CONTAMINATE0 A I R  
I N  SV/YR PER BO/ICUBIC CPl  

NUCL I OE 

N8-96 

NE-97 

N9-974 

Y F 9 1  

Me-93 ' 

HI?-99 

Y e 1 0 1  

TC-95 

TC-95Y 

TC-9t 

TC-9bH 

TC-97 

TC-97'4 

tc-98 

'. TC-99 

TC-99H 

TC-101 

Ru-97 

RU-103 

RU-LO5 

QU-106 

Q H - 1 0 3 Y  

RH-105 

R I t . 1 0 5 Y  

RH-106 

H4LF-LI FE 

23.35 H 

72.1 Y 

60 5 

15.49 H 

3.5E3 Y 

66.02 H 

14.61 M 

20.0 H 

61 0 

4 .28  2, 

51.5 M 

2 e t F L  Y 

8 9  0 

4.2F6 Y 

2.13E5 Y 

6 . 0 2  H 

14.2 M 

. 2 . 9  0 

39.35 0 

4.44 H 

3CR.2 0 

56.119 H 

35.36 H 

45 s 
29.92 5 

SKIN 

4.66E 00 

1.24E 00 

'1'.38E 00 

1.77E 00 

6.48E-03 

2.89E-01 

2.8bE 00 

1.50E 00 

1.24E 00 

4 .76E 00 

8.24E-02 

7.46E -03 

6.70E-03 

2.b3E 00 

8.85E-07 

2 . 1 8 E 4 1  

e 0 0 6 E - 0  1 

4.03E-0 1 

8 .75E-01 

1.46E 00 

0.0 

1.20E-0 3 

1 .36E-01 

5 .20E-02 

3.82E-01 

SPLEEN 

2.77E 00 

7 .'36 F-0 1 

8.16F-01 

1.05E 00 

9.08F-05 

1.71E-01 

l . 7 3 F  00 

8.83E-01 

7.33E-0 1 

2.02F 00 

6.66 E-02 

1.3OE-04 

4.34F-04 

1.55E 00 

4.89E-07 

1.32E-01 

3. b4E-'01 

2.39€-01 

5.19E-0 

8 66 E-0 

0.0 

4.49F-05 

8.2OE-02 

2.78E-02 

2.27E-01 

STOMACH 

2.82E 00 

7 4 8E-0 1 

8.32E-01 

1.06E 00 

9.93E-05 

1. 74E-0 1 

1 . T t E  00 

9.00E-01 

7.42E-01 

2.88E 00 

4.  74E-02 

1.44E-04 

4.51E-04 

1.58E 00 

4.92E-07 

1 3 LE-0 1 

3.65E-01' 

2.38E-01 

5.24E-01 

8.78E-01 

0.0 

5.OTE-05 

8.2 OE-02 

2 76E-02 

2.3OE-01 

TESTES 

4.04E 00 

1.08E 00 

1.19E 00 

1.55E 00 

1 19E-03 

2.52E-01 

2.50E 00 

1.29E 00 

1.08E 00 

4.12E 00 

6.07E-02 

1 - 5 6  E-03 

1 96 E-03 

2.28E .oo 

8.30E-07 

2.03E-0 1 

5.38E-0 1 

3.59E-01 

7.65E-01 

l . 2 7 E  00 

0.0 

3.69E-04 

1.21 E-0 1 

4. ~ T E - O ~  

3.33E-0 1 

THYMUS 

3.18E 00 

8.39F-0 1 

9.38E-0 1 

1.18E 00 

1.98E-05 

1.9TE-0 1 

1.97E 00 

1.02E 00 

8.4OE-01 

3.26E 00 

5.3 7 E -0 2 

4.06E -0 5 

4.4L E-0 4 

1.78E 00 

6.45 E-0 7 

1.5bE-01 

4.08E-0 1 

5-71 E-0 1 

5.79E-0 

9.86 E-0 

0.0 

4.32E-05 

9.15 E-02 

3.35E-02 

2.56 E-0 1 

Tt4YRr) IO 

3.83E 00 

1.01E 00 

1.13E 00 

1.44E 00 

3.23E-04 

2.39E- 01 

2.35E 00 

1.22E 00 

1.02E 00 

3.91E 00 

6.45F-02 

4.71E-06 

9.88E-04 

2.15F 00 

9 ." 29 E- 07 

2.30E- 01 

5 Ob€-01 

3.42E- 01 

7.08E-01 

1.ZOE 00 

0.0 

1.59E-04 

1. W E - 0 1  

4.33 E- 02 

3 I I E- 0 I 

UtERUS 

2.53E 03 

6.50E-01 

1.31E-01 

9.43E-01 

I 03E-06 

1.53E-01 

1.58' 00 

7.92E-01 

6.56F-01 

2 - 5 3 ?  00 

4.20E-02 

2 75'-06 

2.68C-04 

1.39c 00 

4.27F-07 

1 1OF-O L 

3.25'-01 

2.13E-01 

4.64F-01 

7.75F-01 

0.0 

1.00E-05 

7.33F-02 

2 42E-02 

2.03E-0 I 

t3ta1 
BODY 

3-25!! 00 

9.65E-0 1 

9.58E-01 

1.24E 00 

9. REF-04 

2.02E-01 

2.02s 00 

1.04E 00 

8.bZC-01 

3.31F 00 

5.52E-02 

1.24E-03 

1.50E-03 

1.82E 00 

6.32E-07 

1.58F-01 

4.28E-01 

2.83E-01 

6.10s-01 

I.02F 00 

0.0 

2.64F-04 

9.52F-02 

3. L I E - 0 2  

2.66E-0 I 



PHrJTIlY DOSE-RATE C O N V E P S I O N  FACTORS FlrQ V A R I O U S  ORGAKS FOR I M M E R S I O N  I N  C O N T A M I N A T E 0  A I Q  
I N  S V / Y R  P E R  B Q / ( C U B I C  C Y 1  

NUCL I nE 

PO-103 

PO-107 

PO-109 

45-106M 

bG-108 

hG- lO8Y 

b G- 1 O W  

AC-110 

bG- 11 OM 

AG.- I 1 I 

C D - 1 0 9  

CD-111U 

CO-113 

CD-113'4 

C O - 1 1 5  

CO- 11 5 Y  

C9-117 

CD-1 17M 

!Y-llL 

IN-113Y 

TW-114 

IN-114H 

!N-115 

IN-115M 

IN-1164 

H4LF-LI FE 

16.961 D 

6.5E6 V 

13.653 H 

8.46 0 

2.37 Y 

127 Y 

39.6 S 

24.57 S 

249.85 D 

7.46 D 

464 D 

48.7 H 

9 .3€15  Y 

13.7 Y 

53.46 H 

44.6 0 

2 .49  H 

3.36 H 

2.83 0 

1.658 H 

71.9 S 

49.51 D 

4.6E15 Y 

4.36 H 

54.15 M 

AOPENbLS 

6.7OE-04 

0.0 

8. O Z E  -04 

3.33F 00  

2.06E-02 

1.91E 0 0  

3.64E-03 

3.65E-02 

2.29E 00 

3.  O7E -02  

7.94E-04 

3.23E -0 1 

0 .0  

0 .0  

2 .37E-01 

2 . t4E-02  

1.30E 00 

2.55E 0 0  

4.49E-01 

2 .96E-01 

3.75E-02 

1.04E-01 

0.0 

1 84E-0 1 

2.96E 00 

BLAODFR 

3.62F-04 

0.0 

7. t  1E-04 

3.24E 00 

1 . 9 1 ~ - 0 2  

1.82E 00 

3.55F-03 

3.50E-02 

3.20F1 00 

2.84F-02 

5.99F-04 

2.95E-0 

0 .0  

0 .0  

2.25 E-0 1 

2.58F-02 

1.28E 00 

2.56E 00 

4.10E-01 

2.77E-01 

3.58s-02 

9.85E-02 

0 .0  

1 70E-01 

2.95E 00 

8 R A I N  

2.89E-04 

0 . 0  

8.48E-04 

3.63E OD 

2.20E-02 

2.03E 00 

3 48 E-03 

3.92E-02 

3.60E 00 

3 .  IO€-02 

2 .  77E-OI 

3 17E-0 

0.0 

0 . 0  

2.51E-01 

2.91E-02 

1.43E 03 

2.87E 00 

4.40E-01 

3.04E-01 

4.01E-02 

I .08E-O1 

0.0 

1 86E-01 

3.32E 00 

BQEAST 

7.7t E-03 

0. J 

1 01 E-03 

4.15E 00 

2.59E-02 

2.38F 00 

1 .  I O E - 0 2  

4.50E-02 

4.OSE 0 0  

4.06 E-02 

9.05E-03 

4.62E-01 

0.0 

0.0 

3.00E-01 

3.24E-02 

1.64E 00 

3.21E 00 

6.54 E-01 

3.86E-01 

4.685-02 

1 43E-01 

0 .0  

2.47E-0 1 

3.7OE 00 

H€ ART 

3 04 E-04 

0.0 

7.43E-04 

3.19E 0 0  

1 9 3 E -0 2 

1.78E 00 

3.20 E-0 3 

3.44E-0 2 

3.16E 00 

2.77E-02 

3.14E-04 

2.88 E-0 1 

0.0 

0.0 

2 . 2 0 E ~ O l  

2 .55E-02 

1.26E 30  

2.55E 00 

4 .OOE-O 1 

2 .  TOE-0 1 

3 5 1 E-02 

9.6 1 E -0 2 

0.0 

1 6 6 E  -0 1 

2.92E 00 

SqAL L 
TNTEST I V E  

.2.38E-O? 

0.0 

b.69E-OI 

2.90E 00 

1.74E-02 

1.61E OJ 

2 79E-03 

3 .  IO€-02 

2.87E 00 

2.49E- 02 

2.74E-04 

2.57E-01 

0 . 0  

0 . 0  

1.98E- 01 

2.33E- 02 

1.16E 00 

2.35E 00 

3.56E-01 

2.42E-a1 

3.1 ?E- 02 

8.6 3E- 02 

0.0 

1 49E-01 

2.69E 00 

UPPER 
L49 G E  

I NTEc T I YF 

5.29F-04 

0 .0  

7.89E-04 

3.39' 0 3  

2 .  OS' -02  

1.9OF 00 

3. 72'-03 

3.65F-02 

3.36' 00  

2.93E-02 

8.72c-04 

3.06C-01 

0 .0  

0 .0  

Z.3Oc-01 

2 .  W E - 0 2  

1.34E 00 

2-71' 00  

4.25F-01 

2 8bc-o 1 

3 73E-02 

1.03E-01 

0.0 

I .  76F-Cl 

3.11E 0 3  

LnWER 
LADGE 

I Y ' E S T I N E  

4. 97E-04 

3 .3  

7.29C-04 

3.139 00 

1.89C-02 

?.75E 00 

3.216-03 

3 .36F-Oi  

3.09E 00 

2. r 4 ~ - 0 2  

5.85E-04 

2.86C-01 

0.0 

0.0 

2. LbE-01 

2.50F-02 

l . 2 4 E  00 

2.50E 00 

3.98E-01 

2.66E-01 

3.44E-02 

9.47E-02 

0.0 

1.64F-01 

2.87E 00 



PHOTON DOSE-RATE CONVERSION FACTORS FOP. VARIOUS ORG4NS FOR IMMERSION I N  CONTAMIYATEO A I R  
I N  SVIYR PEQ eo/tcuerc c w  

NUCLIDE 

PO-103 

PO-107 

PO-109 

AG-1064 

At-108 

AG-108'4 

AG-109Y 

d G - I 1 0  

AG-11 OM 

A G A l  1 I 

CD-109 

CD-1114 

CO-113 

CD-113 '4  

CD-115 

CD-11SY 

Cb-117 

co-1174 

IN-111 

I N- 1 1 34 

IN-114 

IN-1144 

I Y - 1 1 s  

Tv-115'4 

IN-116W 

HALF-LIFE 

16.961 D 

6.5E6 Y 

13.453 H 

8.46 D 

2.37 Y 

127 Y 

39.6 S 

24.57 S 

249.85 D 

7.46 0 

464 D 

48.7 H 

9.3E15 Y 

13.7 Y 

53.46 H 

44.6 0 

2.49 H 

3.36 H 

2.83 0 

1.658 H 

71.9 S 

49.51 D 

4.6E15 Y 

4.36 H 

54.15 M 

K I D N E Y S  

7.79E-04 

0.0 

7.89E-04 

3.39E 00  

2.05E-02 

1.89E 00 

3.99E -0 3 

3.64E-02 

3.35E 00 

2.93E-02 

1.32E-03 

3.04E-01 

0.0 

0.0 

2.34E-0 1 

2.71E-02 

1.34E 00 

2.7ZE 00 

4.22E-0 1 

2.86E-0 1 

3.73E-02 

1.03E -0 1 

0.0 

1.76E-01 

3.11E 00 

LIVER 

3.49E-04 

0.0 

7.56E-04 

3 e U F  0 0  

1.95E-0 2 

1.81E 00 

3.45E-03 

3.47E-02 

3.18F 00 

2 83E-02 

4.47E-04 

2 a94 E-01 

0.0 

0.0 

2 24E-01 

2.57E-02 

1.28E 00 

2.57E 00 

4.08E-01 

2.75E-01 

3.56 E-02 

9.77E-02 

0.0 

1.69E-01 

2.95E 00 

LUNGS 

7.63E-04 

0 .o 

8.12E-04 

3.44E 00 

2. LO€-02 

1.94E 00 

4.07E-03 

3.72E-02 

3.39E 00 

3 05 E- 02 

9 64E-04 

3.20E-01 

0 .o 

0.0 

2.40E-01 

2 74E-02 

1.36E 00 

2.7lE 00 

4.45E-01 

2.96 E -01 

3.8 ZE-02 

1.06E-0 1 

0.0 

1 83E-01 

3.12E 00 

MARRCW 

I. 07E-03 

0.0 

9.36E-04 

3.77E 00 

2.37E-02 

2.19E 00 

6.83E-03 

4.13E-02 

3.67E 00 

3.80E-02 

1.46E-03 

4.34E-01 

0.0 

0.0 

2.78E-01 

2.92 E-02 

1.+7E 00 

2.84E 00 

6.13E-01 

3.57E-01 

4.29E-02 

?.28E-01 

0.0 

2.27E-0 1 

3.30E 00 

RED 
MA 9 R OW 

3.49E-04 

0.0 

8.3lE-04 

3.49E 00 

2.14E-02 

1.98E 0 0  

2 7bE-0 3 

3.79E-02 

3.44E 00  

3.14E-02 

3 3 3E-04 

3.2 1E-0 1 

0.0 

0.0 

2.46E-0 1 

2.77E-02 

1.37E 00 

2.75E 00 

4.43 E-0 1 

3.05 E-0 1 

3.89 E-02 

1.06E-0 I 

0.0 

1. BEE-01 

3.15E 00 

DVARI ES 

5.23E-04 

0.0 

7.26E-04 

3.09E 00 

1.89E-02 

1.74E 00 

3.04'E-03 

3.37E-02 

3.07E 00 

2.6 1E-02 

6.46E-04 

2 62E-01 

0.0 

0.0 

2.15E-01 

2.48E-02 

1.2OE 00 

2.39E 00 

3.62E-01 

2.58E- 01 

3.44E- Oi 

9.18E-02 

0.0 

1 57E-01 

2.79E 00 

0 A W O  E A S  

4.35E-04 

0.0 

6 5 LF-04 

2.78E 00 

1.6BE-02 

1.5bc  03 

2 .62F -0 3 

2.99E-32 

2.75F 00 

2.46E-02 

4 .  %?E-04 

2.52E-01 

0.0 

0.0 

1.93E-01 

2.22E-02 

1 . l I E  00 

2.23E 00 

3.49E-01 

2.37E-01 

3.075-02 

8.39E-02 

0.0 

1.46E-01 

2.55E 00 

SKELETON 

1.2lE-Oi 

0.0 

9. S O € - 0 4  

3.83F 00 

2.'lE-02 

2.22F 00 

7.09F-03 

4.2OE-02 

3.73E 00 

3.87E-02 

1.62E-03 

4.43E-0 I 

0.0 

0.0 

2.8 2E-0 1 

2.97E-02 

1.50E 00 

2.89E 00 

6.26E-01 

3.63E-0 1 

4.36E-02 

1.31F-01 

0.0 

2.3lE-01 

3.35E 00 



PH(ITC)E( DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONT4MINATEO A I R  
1N SV/Ya PER BO/(CUBIC CM8 

NUCLI OE 

PO-103 

PO-107 

PO-1 09 

AG- 106q 

4G-108 

46-1081 

A G - l O 9 Y  

AG-110 

AG- 1 1 OM 

AG-111  

CO-109 

Co- l l ln  

CD-113 

CD-t l3Y 

CO-115 

CO-115Y 

co-117. 

CO-117M 

IN-111 

IN-113H 

IN-114 

IN-114M 

IN-I15 

I N- 1 1 54 

I N- 1 1 64 

HALF-LIFE 

16.961 0 

6.5E6 Y 

13.453 H 

8.46 0 

2.37 Y 

12T Y 

39.6 S 

24.57 S 

249.85 0 

7.46 0 

464 0 

48.7 n 

9.3E15 Y 

13.7 Y 

53.66 n 

44.6 0 

2.49 H 

3.36 n 

2.83 0 

1.658 H 

T1 .9  S 

. 49.51 0 

4.6E15 Y 

4.36 H 

54.15 M 

SKIN 

l e O 7 E 4 2  

0.0 

1.25€;03 

5.24E 00 

3.24Ed2 

2.986 00 

1.19E-02 

5.71E-02 

5.17E 00 

4.64E-02 

i . i e ~ 4 2  

4.89E-0 1 

0.0 

0.0 

3.69E-01 

4.16E-02 

2.05E 00 

5.03E 00 

6.83E-0 1 

4.57E-01 

5.86E-02 

1 . 6 8 E 4 1  

0.0 

2.84E-0 1 

4.69E 00 

SPLEEN 

4.46 E-04 

0.0 

7 39 E-04 

3.13E 00 

1.91E-02 

l . 7 6 E  00 

3.35E-03 

3.38E-02 

3.09E 00 

2.79E-02 

5.29E-04 

2 92E-01 

0.0 

0.0 

2.19E-0 1 

2.49 E-0 2 

1.24E 00 

2.47E 00 

4.07E-0 1 

2 70E-01 

3.47E-02 

9. SEE-02 

0.0 

1.67 E- 0 1 

2.84E 00 

STOMACH 

4.92E-04 

0.0 

7.46E-04 

3.17E 00 

1.93E-02 

l . ? 9 E  00 

3 42E-03 

3.44E-02 

3.14E 00 

2 79E-02 

6.05  E-04 

2.9lE-01 

0.0 

0.0 

2.21E-01 

2.53E-02 

1.25E 00 

2.52E 00 

4.04E-01 

2.7lE-01 

3.52E-02 

9.67E-02 

0.0 

1.67E-01 

2.89E 00 

TESTES 

3.25E-03 

0.0 

1.09 E -0 3 

4.56E 00 

2.81 E-02 

2.59E 00 

7.47E-03 

4.96E-02 

4.49E 00 

4.13E-02 

4.20E-03 

4.39E-01 

0.0 

0.0 

3.23E-01 

3 61 E-02 

1.79E 00 

3.54E 00 

6.14E-01 

4.01 E-01 

5. LO€-02 

1.44E-01 

0.0 

2.49E-0 1 

4.09E 00 

THYMUS 

3.67E-04 

0.0 

8.25 E-04 

3.57E 00 

2. LSE-02 

2.00E 00 

4.37E-03 

3.85 E-02 

3.55E 00 

3.11 E-02 

5 50 € 4 4  

3 3 2 E-0 1 

0.0 

0.0 

2.45E-01 

2.88E-02 

1.41E 00 

2.80E 00 

4.64E-0 1 

3.01 E-0 1 

3.92 E-02 

1.10E-01 

0 .o 

1.86 E-0 1 

3.26E 00 

THYRO IO 

1.4OE-03 

0.0 

1.01E-03 

4.29E 00 

2 6 2E-02 

2.43E 00 

6.27E-03 

4.66E-02 

4.25E 00 

3.  87E- 02 

1.96E-03 

4.19E-01 

0 . 0 .  

0.0 

2 -99E-01 

3 44E- 02 

1.69E 00 

3.31E 00 

5.88E-01 

3.72E-01 

4.76E-02 

1.36E-01 

0.0 

2.32E-01 

3.86E 00 

UTERUS 

1 34E-04 

0 . 0 .  

6.61E-04 

2.83E 00 

1.70E-02 

1.58E 00 

2 73E-03 

3.02E-02 

2. T9E 00 

2.49E-02 

8.746-05 

2.6OC-01 

0.0 

0.0 

I .  96E-01 

2.26F-02 

1.13E 00 

2.29E Oil 

3.6lE-01 

2.41E-01 

3.1 LE-02 

8.52E-02 

0.0 

1 49E-0 1 

2.61E 00 

TOTAL 
BODY 

2.36E-03 

0 ..o 

8.69E-04 

3.66E 00 

2.24E-02 

2.07E 00 

5.52E-03 

3.97E-02 

3.61E 00 

3.27E-02 

2.90E-03, 

3. 46E-01 

0.0 

0.0 

2.57c-01 

2.91E-02 

1.44E 00 

2.8?€ 00 

4.83E-01 

3.18E-01 

4.08E-02 

1. ?5E-01 

0.3 

1.97E-01 

3.31E 00 



PHOTON DOSE-RATE CONVERSION .FACTORS FOR VARIOUS ORGANS FOR IMWERSIQN I N  CONTAMSNATEO & I R  
I N  S V I Y R  PER BQ/(CUBIC C Y )  

NUCL I OE 

IN-117 

IN-117Y 

SN-113 

SN-II7M 

SY-119M 

SN-123 

SN-125 

SN-126 

58-117 

SB-122 

SB-124 

58-125 

58-126 

58-126M 

58-127 

SB-129 

TE-121 

YE-1211) 

YE-123 

TE-123M 

TE-lZSM 

TE-121 

T E l 2 1 M  

TE-129 

TE129W 

HALF-LIFE 

43.8 M 

116.5 M 

115.1 0 

13.60 0 

293.0 0 

129.2 0 

9.6+ 0 

l .OE5 Y 

2.80 H 

2.70 0 

60.20 0 

2.77 Y 

12.4 0 

19.0 M 

3.85 0 

4.40 H 

16.8 0 

154 0 

1E13 Y 

119.7 0 

58 0 

9.35 H 

109 D 

69.6 M 

33.6 0 

AORENbL S 

8.04E-01 

1.01E -01 

7.10E-03 

1.64E-01 

8.86E-04 

8.31E-03 

3.7lE-01 

4.SOE-02 

1.92E-01 

5.23E-Ol 

2.27E 00 

4.94E-01 

3.29E 00 

1.6TE 00 

7.86E-0 1 

1.73E 00 

6.57E -0 1 

2 . 3 a ~ + i  

1.31E-03 

1.56E-01 

4 6 3E -03 

5.62E 4 3  

1 56E-03 

6.24E-02 

3 . 8 8 9 0 2  

BLAOOER 

7.6OE-0 I 

9.33E-02 

6.66F-03 

1.50E-01 

9.6OE-04 

6.16E-03 

3 66E-0 1 

4.60E-02 

1 77E-01 

4.99E-01 

2.25F 00 

4.686-01 

3.15E 00 

1.19E 00 

7 . 5 1 E O l  

1.69F 00 

6.26E-01 

2.20E-01 

1.60E-0 3 

1 A4E-0 1 

6-01 E-03 

5 26 E-03 

1 95E-03 

5.96E-02 

3.nE-02 

BRA1 hl 

8.42E-01 

1 . O l E - O l  

b.24E-03 

1.60E-01 

3.86E-04 

9 20E-03 

4.1 LE'OL 

4.62E-02 

1.90E-01 

5.57E-01 

2.53E 00 

5.19E-01 

3.53E 00 

2.OOE 00 

8 39E-01 

1.90E 00 

6 97E-01 

2 36E-01 

6.31E-04 

1 53E-01 

Z.67E-03 

5.80E-03 

9.73 E-O+ 

6 -  56E-02 

4. 12E-02 

BREAST 

1.05E 00 

1.44E-01 

2.OJE-02 

2.61E-01 

7-93 E-03 

1.02E-02 

4e59E-01 

9. ME-02  

2.97E-01 

6. 52E-01 

2.85E 00 

6.34E-01 

4.08E 00 

2.33E 00 

9.81 E-01 

2.14E 00 

8.34E-01 

3.43 E-01 

1.02 E-02 

2.48E-01 

3mOlE-02 

7.29E-03 

9. 58E-03 

8.23E-02 

5.32E-02 

HEART 

7.44E-01 

9.11E-02 

5.74E-03 

1.47E-0 1 

4.14E-04 

8.07E-03 

3.62 E-0 1 

4.20 E-0 2 

1.73E-01 

4.89E-0 1 

2.23E 00 

4.57E-0 1 

3.10E 00 

1.TSE 00 

7.37E-01 

1.67E 00 

6.1 l E-01 

2.13E-0 1 

6.59E-04 

1.40E-01 

2.68E-03 

5.14E-03 

9.54E-04 

5. m-0 2 

3.62E-02 

SMAL L 
INTEST INE 

6.67E-01 

8.12E-02 

5.2OE-03 

1 29E- 01 

4.19E-04 

7.38E-03 

3 31E-01 

3 69E-02 

1.53€-,01 

'4.40E-01 

2.05E 00 

4.11E-01 

2.80E 00 

1.58E 00 

6.64E-01 

1.52E 00 

5.51 E- 01 

1.92E-01 

~ . ' l O E - 0 5  

1 23E-01 

2.90E-03 

Q 6 1 E-03 

9.98E-(W 

5.21E-02 

3.28E-02 

UPPER 
L W G E  

I N T E S t I Y E  

7.91E -0 I 

9.68E-02 

7.15E-03 

I. 58F-01 

1.13E-03 

8.60E-03 

3.85E-01 

4.586-02 

1.866-01 

5.19E-01 

2.37E 00 

4.86E-01 

3.296 00 

1.8bE 00 

7.83E-01 

l .77E 00 

6.51E-01 

2.27E-01 

1.65E-03 

1.515-01 

S. 58E-03 

5.44E-03 

1.856-03 

6.16E-02 

3 9lE-02 

LOWER 
LARGE 

I Y T E S T I N E  

7.30E-01 

9.02 s-02 

6.13E-03 

l . 4 S E - 0 1  

6.836-04 

7.91E-03 

3.55E-01 

4.04E-02 

1.71E-01 

4.78E-01 

2.18E 00 

4.49E-0 1 

3.03E 00 

1.72E 00 

7.22E-01 

1.63E 00 

5 99F-0 1 

2.' I 2E-0 I 

1 03E-03 

1.39E-01 

3.75E-03 

5.06E-03 

1.28E-03 

5.69E-02 

3.57E-02 



W T O N  WSE-UATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAMINATED A I R  
IN sv/vc( PER eQ/(cueIc C C ) '  

NUCLI  OE 

IM-111 

IN- 11 TY 

SN-1 I 3  

94-1 1 TM 

SN-119Y 

94-12) 

SN- 125 

94-126 

S B - l l T  

S8-122 

58-124 

S8-125 

S8-126 

SB-126Y 

38-121 

S8-129 

TE-121 

TE-12 1N 

TE-123 

TE-12 3'4 

TE- 12 5 Y  

TE-121 

TE-127M 

TE-129 

T E- I 29Y 

HALF -L I FE 

43.8 M 

116.5 M 

115.1 0 

13.60 0 

293.0 0 

129.2 0 

9.64 0 

1.OE5 Y 

2.80 H 

2.70 0 

60.20 0 

2.77 V 

12.4 0 

19.0 M 

3.85 0 

4.40 H 

16.8 0 

154 0 

1E13 Y 

119.1 0 

58 0 

9.35 H 

109 0 

69.6 M 

33.6 0 

KIDNEYS 

1.86E-01 

9.63E-02 

8.13E-03 

1.54E-01 

1.81E-03 

8r5TE-03 

3.85E-01 

4. T9E-02 

1.83E-01 

5.18E-o I 

2.37E 00 

4.87E-01 

3.29E 00 

1.86E 00 

7.82E-01 

l.7TE 00 

6.52E-01 

2.28E-01 

2.86E-03 

1.48E-01 

9.8TE-03 

5.44E-03 

3.14E -03 

6.21E-02 

3.99E-02 

L I V E R  

7 . 5 6 E O l  

9.29E-02 

6.19E-03 

1. S O € - 0 1  

6.56E-04 

8.12E-03 

3.64E-01 

4.54E-02 

1. T6E-01 

4.96E-01 

2.25E 00 

4.65 E-01 

3.13E 00 

1. T 8 h O O  

T.46E-01 

1.68E 00 

6-21 e 0 1  

2.18E-01 

1.10E-03 

1.43E-01 

4.34E-03 

5.23E-03 

1 46 E-03 

5.89E-02 

3.69E-02 

LUNGS 

e. 1*E-01 

1.01E-01 

T .36E-03 

1 6 5 E-01 

I I 1  E-03 

8 63E-03 

3.87E-01 

5.05 E-02 

1.93E-01 

5.31 E-01 

2.38E 00 

5.00E-01 

3.3fE 00 

1.90E 00 

7.99E-01 

1.19E 00 

6.67E-01 

2 m3TE-01 

1 6TE-0; 

1.57E-01 

5 936-03 

5.64E-03 

1 -9TE-03 

6 033E-02 

3.98E-02 

MARROW 

9.81 E-01 

1 33 E-0 1 

1.01E-02 

2.44E-0 1 

I T7E-03 

9.17E-03 

4.12E-01 

8.64E-02 

2. TSE-0 1 

6.00E-01 

2.55E 00 

5.80E-01 

3.74E 00 

2.14E 00 

9.02E-01 

1.94E 00 

7.59E-01 

3.14E-01 

2. 12E-03 

2 33E-0 I 

9.83E-03 

6.80E-03 

3.23E-03 

1-36 E-02 

4.47E-02 

REO 
MAP ROW 

8 .20E-O 1 

l .OIE-O 1 

6.40E-03 

1. 55E-0 1 

3.9 5 E -0 4 

8 1 2  E-0 3 

3.92E-01 

3. 52E-02 

1.84E-01 

5.42E-0 1 

2.42E 00 

5.09E-01 

3.42E 00 

1.94E 00 

8. 1SE-0 I 

1.82E 00 

6.80E-01 

2.3TE-01 

5.97E-04 

I .  48E-0 1 

2.32 E-03 

5.79E-03 

8.30E-04 

6 44E-0 2 

3.9TE-02 3.59E-02 

PANCQ €AS 

6.48E-01 

T.%E-02 

5.35E-03 

1 26s-0 1 

5.44E-04 

T.03E-03 

3. IS€-01  

3 2 BE-0 2 

1 49E-0 1 

4.2TE-01 

1.95E 00 

4.00E-01 

2.7OE 00 

1.53E 00 

6.63E-01 

1.45E 00 

5 35E-01 

1 87E-01 

8.03E-04 

1.2OE-01 

2.91C-03 

4.5 I E -03 

9. %E-04 

5. OTE-02 

3.16E-02 

SKELETON 

9.99E-01 

1.36E-01 

1.OSE-02 

2.50E-01 

1.90E-03 

9.32E-03 

4.19F-0 I 

8.89E-02 

2.8lE-01 

6.10E-01 

2.59E 00' 

5.90E-01 

3.80E 00 

2.18E 0 0 ,  

~ . I T E - O ~  

1.9TE 00 

7.72E-01 

3.2lE-01 

2.87E-03 

2.39E-01 

1.03E-02 

6.91 E-03 

3.37E-03 

T.49E-02 

4.5 5E-02 



PHWON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGAYS FOR IMMERSION I N  CONTAHINATFO A I ?  , - 
I N  SV/YR PER aa/(cuarc CHI 

NUCLI DE 

IN-11  7 

1 N-1 L TY 

SN-113 

SN-Ll7M 

SY-119Y 

SN-123 

SN-125 

SN-I26 

Sa-117 

58-122 

58-124 

58-125 

58-126 

Sa-126Y 

59-127 

SB-129 

TE- 12 1 

TE-1214 

TE-123 

TE-123W 

~ E - 1 2 5 Y  

T€-121. 

T F - I Z l M  

TE-129 

TE-129H 

HALF-LIFE 

43.8 n 

116.5 M 

115.1 0 

13.60 0 

293.0 0 

129.2 0 

9.64 0 

1.OES Y 

2.80 H 

2.70 0 

60.20 0 

2.11 Y 

12.4 0 

19.0 H 

3.85 0 

4.40 H 

16.8 0 

154 0 

LE13 Y 

119.1 0 

58 Q 

9.35 H 

109 0 

69.6 N 

33.6 0 

S K I N  

l.2SE 00 

1.56E-01 

Z.42E-02 

2.58E-01 

9.19E-03 

I. 31E-02 

5 . 8 6 E 4 1  

8 .  I T €  -0 2 

3.06E-0 L 

8.16E-1 

3.58E 00 

7.76E-01 

5.14E 00 

2.92E 00 

1.23E 00 

2.73E 00 

1.04E 00 

3.6.9E-01 

L.22E-02 

Z.45E-01 

3.47E-02 

8.6OE-03 

1. 1 l E O 2  

1.OOE-Ol 

6.69E-02 

SPLEEN 

7 40 E-0 1 

9.2LE-02 

6.18E-03 

1.49€-0 1 

6 51 F-04 

1.86 E-03 

3. 52€-01 

4.2pG02 

1 15 E - 0 1  

4.83 E-01 

2.17E 00 

4.54E-01 

3.OSE 00 

1.73E 00 

7 27E-0 I 

1.63E 00 

6.06E-01 

.20 16E-01 

1 OLE-03 

I 43 E-0  I 

3.79E-03 

5. 14E-03 

L.29E-03 

5 IS€-02 

3.58E-02 

STOMACH 

I .  4TE-0 1 

9.18E-02 

6. 29E-03 

L 48E-01 

7.45E-04 

8 00E-03 

3.59E-01 

4 35 E-02 

Lo TSE-01 

4.89E-01 

2.20E 00 

4.5 9E-01 

3.10E 00 

1.76E 00 

1 37E-0 1 

1.66E 00 

6.14E-01 

2.1SE:Ol 

1.15E-03 

I e4ZE-01 

4 26 E-03 

5. LIE-03 

1 .44E-03 

5.8LE-02 

3.65E-02 

TESTES 

1 . l O E  00 

1.39E-01 

1 43 E-02 

2.32 E-0 1 

4.22E-03 

1. L4E-02 

5.09E-0 1 

7.16 E-02 

2. 1LE-01 

7. 10E-01 

3.13E 00 

6.75 E-01 

4.47E 00 

2.54E 00 

I . 0 7 E  00 

2.37E 00 

8 .,99E- 0 1 

3.2TE-01 

5.81E-02 

2.22E-0 I 

1.85E-02 

7.60E-03 

5.92E-03 

8.63E-02 ~ 

5.53E-02 

TnY nus 
8.39E-0 1 

1.04E-01 

1.18E-03 

1.75 E-0 1 

9.21E-0* 

9.13E-03 

4.05E-0 1 

5 o.8 2 E-0 2 

2.04E-01 

5.45E-01 

2.46E 00 

5.12E-01 

3.48E 00 

1.97E 00 

8.26E-0 1 

1.87E 00 

6.82E-01 

2.48E-01 

1.65 E-03 

1.67E+L 

6.63E-03 

5.73E-0 3 

2 a I b E - 0  3 

6 48 E-0 2 

*.LIE-02 

TWRD ID 

1.03E 00 

1.31E-01 

1 09E-02 

2.25E-01 

2 031 E-03 

1 09E-02 

4.82E-01 

7.56E-02 

2.6 LE-01 

6.62E-01 

2.93E 00 

6.28E-01 

4.2LE 00 

2.39E 00 

1.OOE 00 

2.24E 90 
8.34E- 01 

3.12E-01 

3.SOE-03 

2.15E-01 

1.21 E-02 

7.08E- 03 

3.90E-03 

1.91E-02 

5. IOE-02 

UTERUS 

6 :6 LE-0 L 

8.18E-02 

4.90E-03 

1 3 L E - 0  1 

I .  95F-04 

7.12€-03 

3.21E-01 

3. T IE -02  

1.55F-OL 

4.32E-01 

2.03E 00 

4.05€-01 

2.T3E 00 

1.5% 00 

.6. SO€-Ol 

.1.48E 00 

5 4 1 E -0 1 

1.92E-01 

3.82E-04 

I .  PSE-01 

1.93E-0 3 

C.6OE-0 3 

6.92E-04 

5.13E-02 

3. I 7E-02 

TOTAL 
BODY 

8. T4E-01 

!.09E-01 

L O S E - 0 2  

1.61E-01 

2.82E-03 

9.18E-03 

4011E-01 

5. 84E -02  

2.13E-01 

5.68E-01 

2.53E 00 

5.37E-01 

3.58E. 00 

2.03F 00 

8.54E-01 

1.91E 00 

7.17E-01 

2.58E-01 

3.86E-03 

1. T3E-01 

1.22E-02 

60 04E-03 

3.92E-03 

6.85E-02 

4.38E-02 
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PHOTOY DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGdNS FOR IMMERSION I N  CONTAWINATEO A I R  
I N  S V / Y Q  PEP 80/(CUBIC CCt 

NUCLIOE 

TE-131 

T E - 1 3  1'4 

TE-132 

TE-133 

T E 1 3 3 Y  

V E - 1 3 4  

1-122 

1-123 

1-124 

1-125 

1-126 

1-128 

1-129 

1-130 

1-131 

1-132 

1-133 

1-134 

I - U S  

r-136 

XE-122 

XE-123 

XE-125 

X€-127 

X€-I 2 9 1  

HALF-LI FE 

25.0  M 

30 H 

78.2 H 

12.45 M 

55.4 n 

41.8 M 

3.62 Y 

13 .13  t i  

4.18 0 

60.14 0 

12.93 D 

24.99 Y 

1.57ET Y 

12.36 H 

8.040 0 

2.30 H 

20.8 H 

52.6 M 

6.61 H 

83 s 

20.1 H 

2.14 H 

16.8 H 

36.406 0 

8.89 0 

KIDNEYS 

Q.87E-01 

1.75E 0 0  

2.34E-01 

1.12E 00 

2.75E 00  

1.01E 00 

1.13E 00 

1.67E-Ol  

1.29E 00 

1.13E-02 

5.36E-01 

8.55E-02 

9 . l S E - 0 3  

2.54E 00 

4.29E-01 

2.79E 00 

7.1OE-01 

3.25E 00  

2.OOE 00 

3.43E 00 

6.6 lE-02 

7.32E-01 

2.74E-01 

2.84E-01 

2 . 5 2 E 4 2  

. .  

LIVER 

4 6 7 E - 0  1 

1.66E 00 

2.23E-01 

1.OTE 00 

2.61E 00 

9.67E-0 1 

1.08E 00 

1.60E-01 

1.23E 00 

4.75E-03 

5.11E-0 1 

8.19E-02 

4.45 E-03 

2.42E 00 

4.1 ZF-01 

2.65E 00 

6.78E-01 
, I  

3.09E 00 

1.89F 00 

3.22E 00 

6 01 E-02 

6 97 E-01 

2.59€-01 

2.71E-01 3 

1.69E-02 

LUNGS 

5 02E-01 

l . 7 7 E  00 

2.43E-01 

1.14E 00 

2.78E 00 

1.04E 00 

1.1SE 00 

1.76E-01 

1.30E 00 

6.61E-03 

5.48E-01 

8.80E-02 

5.56E-03 

2.59E 00 

4.44E-01 

2.83E 00 
. * ,  

7.27E-01 

3.2b€ 00 

2.00E 00 

3.38E 00 

6 58E-02 

7.47E-01 

2 . B Z E - O l  

2.95E-01 

I -97E-02 

MARROW 

6.05E-01 

1.94E 00 

3.32E-01 

1.28E 00 

3.04E 00 

1.22E 00 

1.32E 00 

2.55E-01 

1.43E 00 

I .  10E-02 

6.22E-01 

1.03E-01 

9.48E-03 

2.90E 00 

5 37E-0 1 

3.1OE 00 - .  
8 . 2 l i - o r  

3.55E 00 

2.11E 00 

3051E 00 

8. %E-02 

8.69E-01 

3.72E-01 

4.02E-01' 

3.02E-02 

Q ED 
H&RROW 

5.00E-01 

1.79E 00 

2 .41  E-0 1 

1.16E 00 

2.82E 00 

1.05E 00 

1.18E 00 

1.66E-0 1 

1.33E 0 0  

2.4 I E-0 3 

5.59 E-0 1 

9.03E-02 

2.11 E-03 

2.65E 00 

C.57E-01 

2.88E 00 

7 . 4 1 E - 0 1  

3.34E 00 

2.02E 00 

3.44E 00 

6.3 9 E-02 

7.48E-01 

2.79E-01 

2 - 9 2  E-0 1. 

1 A 0  E-0 2 

OVAR I ES 

4.38E- 01 

1.59E 00 

1.97E- 01 

1.01E 00 

2.50E do 

9.19E-01 

?.O3E 00 

1 41E-01 

1.16E 00 

4. 7OE-03 

4.91E-01 

7.80E-02 

4.00E-03 

2.34E. 00 

3.86E-Ol 

2.56E do 

6.53E-01 

2.97E 00 

1.79E 00 

2.9bE 00 

. .  

5.54E-02 

6 53E- 01 

2.34E-01 

.2 .42€-01 

1.51E-02 

P 4NCQE45 

Q.00E-01 

1.43E 00 

1.90E-01 

9.23E-0 1 

2.25E 00 

8 m 3 O C - 0 1  

9 27E-0 I 

1.3QE-0 1 

1.06E 00 

3. IS€-03 

4.40E-01 

7.0bE-02 

2.64E-03 

2.09E 00 

3.56E-01 
. r  

2.29E 00 

5.84.5-01 

2.67E 0 0  

1.64E 00 

2 . 8 l E  00 

5.08E-02 

5.99E-01 

2.21E-0 1 

2 31E-0 1 

1.26E-02 

SKELETON 

6.17E-0 1 

1 . 9 8 E  00 

3.39E-01 

1.36E 00 

3.09E 00 

1.24E 00 

I . 3 4 E  00 

2.61E-01 

1.45E 00 

1. lSE-02 

6.32E-01 

1.OSE-01 

9.19E-03 

2.94E- 00 

5.46E-0 1 

3.15E 00 

8.34E-01 

3.62E 00 

2.15E 00 

3.57E 00 

8.74E-02 

8.8SE-01 

3.80E-01 

4 .1 lE-01 

3 . l l E - 0 2  



PHOTOY DOSE-RATE CONVERSION FACTORS FOR V A R I O U S  ORGANS FOR IMMERSION I N  C O N T A M I N A l E O  A I R  
I N  S V / Y 9  CEQ B O / ( C U B I C  C W  

YUCLlOE 

TE-131 

t E - 1 3 1 Y  

TE-132 

TE-133 

TE- 13 3+4 

TE-134 

1-122 

1-1 23 

1-124 

1-125 

1-126 

1-128 

1-129 

1-130 

1-131 

1-132 

1-133 

1-134 

! - U S  

1-136 

XE-122 

XE-123 

XE-125 

XE-127 

XE-129M 

HALF-LIFE 

25.0 M 

30 n 

78.2 n 

12.45 M 

55.4 M 

41.8 M 

3.62 Y 

13.13 n 

4.18 D 

60.14 0 

12.93 0 

24.99 M 

1.57E7 V 

12.36 n 

8.040 0 

2.30 n 

20.8 n 

52.6 M 

6.61 n 

83 5 

20.1 n 

2.14 n 

16.8 n 

36.406 0 

8.89 0 

SKI h: 

1 . 6 5 ~ 4 3  L 

2.70E 00 

3.84E-01 

1.72E 00 

4.23E 00 

1.60E 00 

1 . 7 1 ~  00 

2.82E-01 

1.99E 00 

4.08E -0 2 

8.49E-01 

1 36E-0 1 

2.64E-O 2 

3.98E 00 

b.78E-01 

4.33E 00 

1 . l l E  00 

5.01E 00 

3.01E 00 

6.99E 00 

1.17E-01 

1.15E 00 

4 . 5 0 E d l  

4.65E-01 

6.08E-02 

SPL EEN 

4.57E-01 

1.61E 00 

2.21 E-0  1 

1.04E 00 

2.53E 00 

9.44E-01 

1.05E 00 

1.59E-0 1 

1.19E 00 

4.11 E-03 

4.98E-0 1 

8.02E-02 

3.63E-03 

2.36E 00 

4.05 E-0  1 

2.57E 00 

6.61E-01 

2.99E 00 

1.83E 00 

3.10E 00 

5.89E-02 

6.79E-01 

2.56E-01 

2.68E-0 1 

1 56 E-02 

STOMACH 

4 - 6  1E-01 

1.64E 00 

2.20E-01 

1.05E 00 

7.57E 00 

9.5 5 E- 0 1 

1.06E 00 

1.58E-01 

1.20E 00 

4.68E-03 

5.05 E-01 

8.08E-02 

4.08E-03 

2.40E 00 

4.07E-01 

2.62E 00 

6.69E-01 

3.05E 00 

1.8% 00 

3.16E 00 

5.92E-02 

6.85E-01 

2.56E-01 

2 67E-01 

1.63E-02 

TESTES 

6.76 E - 0  1 

2.35E 00 

3.40 E-01 

1.51E 00 

3.69E 00 

1.QOE 00 

1.5SE 00 

2. S O € - 0  1 

l.73E 00 

2.14E-02 

7.36E-01 

1.19E-01 

1.58E-02 

3.46E 00 

5.99 E- 0 1 

3.76E 00 

9.71E-01 

4.35E 00 

2.63E 00 

4.42E 00 

9.67E-02 

1.00E 00 

3.94E-01 

4.12E-01 

4.09E-02 

THY MUS 

5.25 E-0 1 

1.8SE 00 

2 54 E-0 1 

1.18E 00 

2.91E 00 

1.OBE 00 

1.18E 00 

1.8TE-0 1 

1.34E 00 

1 . 3 b  E-0 3 

5.65E-0 1 

8.95E-02 

7.06 E-0 3 

2.66E 00 

4.53 E-0 I 

2.95E 00 

7.45E-0 1 

3.45E 00 

2.09E 00 

3.51E 00 

6.82E-02 

7.74E-0 1 

2.95E-01 

3.08 E-0 1 

2.25E-02 

THYRO fO 

6.43E-01 

2.22E 00 

3.22E-01 

l.42E 00 

3.49E 00 

1.32E W 

l r 4 3 E  00 

2 40E-01 

1.61E 00 

I. 3 1 ~ -  02 

6.88E-01 

1. LO€-01 

1.12E-02 

3.25E 00 

5.60E-01 

3.55E 00 

9.06E-01 

4.12E 00 

2.48E 00 

4.10E 00 

8. TSE-OZ 

9.42 E-01 

3 . 7 2 ~ 0 1  

3 9 1 E-01 

3.26E-02 

UTEQUS 

4.09E-01 

1.45E 00 

1.95E-01 

9.42E-0 1 

2.29E 00 

8.44F-01 

9 - 4 1  E-01  

1.40E-01 

1.08E 00 

1.94E-03 

4. 45E-01 

7.17F-02 

2.2LE-03 

2 . I l E  00 

3.62E-01 

2.32E 00 

5.93E-01 

2.7LE 00 

1.b8E 00 

2.87E 00 

5.15E-02 

6.13E-01 

2.27E-01 

2.38E-01 

1.21E-02 

TOTAL 
BOOY 

5.39E-01 

1.89E 00 

2.66E-01 

',.21E 00 

2.96E 00 

1.11E 00 

1.23E 00 

1 95E-0 1 

1.39E 00 

1.40E-02 

5.87E-01 

9.44E-02 

1.03E-02 

2.77E 00 

4.76E-01 

3.02E 00 

7.76E-01 

3.50E 00 

2.12E 00 

3.58E 00 

7.48E-02 

8.OlE-01 

3.09E-0 1 

3e23E-01 

2.87E-02 



PHOTnN DOSE-nATE CONVERSION F6CTORS FOR VARIOUS ORGANS FOR IHHEPSION I N  CONTAYINATFC A I R  
- I N  S V / Y R  PEQ &P/(CUBlC CM8 

NUCLI DE 

XE-13 1'4 

XE-133 

XE-133'4 

XE-135 

XE-135Y 

XE-137 

XE-138 

C 5- 126 

CS-I29 

CS-131 

C 5-132 

CS-134 

CS-134'4 

CS-135 

CS-136 

CS-137 

.CS-138 

CS-139 

84-131 

EA-133 

EA-133'4 

Pa-i35rl 

84-137Y 

BA-139 

~ a - i ~ o  

HALF-LI FE 

11.84 0 

5.245 0 

2.19 0 

9.11 H 

15.36 Y 

3.83 Y 

14.13 Y 

1.64 H 

32.06 H 

9.688 0 

6.475 0 

2.062 V 

2.90 H 

2.3E6 Y 

13.16 0 

30.17 Y 

32.2 M 

9.40 f4 

11.8 0 

10.5 Y 

38.9 H 

28.7 H 

2.552 Y 

83.1 Y 

12.789 0 

AORENPLS 

6.26E-03 

3.06E-02 

.3.06E-02 

2.87E-01 

4.99E-01 

2.21E-01 

1.41E 00  

1.32E 00 

2.96E-01 

3.46E -0 3 

8.32E-0 1 

1.86E 00 

2.02E-02 

0.0 

2.60E 00 

0.0 

2.89E 00 

3.77E-01 

5.19E-01 

4.11E-01 

6.13E-02 

5.35E-02 

7.13E-01 

3.99E-02 

2. L I E 4 1  

ELADOER 

6.88F-03 

3.25E-02 

2 9 LE-02 

2.64E-0 1 

4.74E-01 

2.12E-01 

1.42E 00 

1.2SE 00 

2.  BO€-01 

4.73E-03 

7.99E-0 1 

1.79E 00 

1.97E-02 

0.0 

2.52E 00 

0.0 

2.89E 00 

3. 81E-0 1 

4.91 €-0 1 

3.87E-01 

5.8OE-02 

S.08E-0 2 

6. 82E-0 1 

3 71 E-02 

2 06 E-0 1 

B R A I Y  

5.15E-03 

3.10E-02 

2 89E-02 

2 .85E-01 

5.29E-01 

2.36E-01 

1.58E 00 

1.39E 00 

3 03E-0 1 

2.04E-03 

8.92E-0? 

2.01E 00 

L.95E-02 

0 .o 

2.83E 00 

0.0 

3.24E 00 

'4.27E-01 

5 -37.E-01 

4.15E-01 

5 98E-02 

5.18E-02 

7.64E-01 

3 . 9 9 6 0 2  

2.28E-01 

8P. E A S  1 

2.13E-02 

7.11E-02 

5.53E-02 

3.95E-01 

6.30E-01 

2. BO€-01 

1.81E 00 

1.66E 00 

4.OBE-01 

2.13E-02 

1.04E 00 

2.30E 00 

4.03E-02 

0.0 

3.24E 00 

0.0 

3.64E 00 

4. T6E-01 

7.08E-01 

5 . 8 9 ~ - 0 1  

9.7OF-02 

8.68E-02 

8. eiE-oi 
5. %E-02 

2.82E-01 

HEART 

4-64  E-0 3 

2 .e 1E-0 2 

2.6CE-02 

2.57E-01 

4.63E-0 1 

2.08E-01 

1.41E 00 

1.22E 00 

2.69E -0 1 

2 03 E -0 3 

7 - 8  2E-0 1 

1.76E 00 

1.80 E-0  2 

0.0 

2.49E 00 

0.0 

2.87€ 00 

3.79€-01 

4.76 E-0 1 

3 7 1 E -0 1 

5 4OE -0 2 

4.69E-0 2 

6.70E-0 1 

3.64E-02 

2.01 E-0 1 

SM4L L 
T N V S T I V S E  

4.64E-03 

2.52E- 02 

2.4OE- 02 

2.3OE-01 

4.17E-01 

1.88E-01 

1.3OE 06 

l . l O E  00 

2.42E- 01 

2.31 E- 03 

7.06E-01 

1.59E 00 

1.59E-02 

0.0 

2.26E 00 

0.0 

2.65E 00 

3.51E-01 

4.2EE-01 

3.33E-01 

4 89E- 02 

4.26E-02 

6.04E- 01 

3.23E- 02 

1. 8OE-01 

UDPER 
LARGE 

r N T E c T I Y E  

6.43E-03 

3.13F-02 

2.93E-02 

2. T Z E - 0 1  

4.92E-01 

Z.2OF-01 

1.5OE 00 

1.305 00 

2.88E-01 

3.906-03 

8.33E-01 

1.87E 00 

2.01E-02 

0.0 

2.65E 00 

0.0 

3.06E 00 

6.03E-01 

S.08E -0 1 

3.96E-01 

5 85E-0 2 

5.126-02 

7.12E-01 

3. 88E-02 

2.13E-01 

LOWER 
LARGE 

IYTESTINE 

5.38C-03 

2.74F-02 

2.69E-02 

2.56E-01 

4.54E-01 

2.04E-0 1 

1.39E 00 

1.20E 00 

2. f 6 E - 0 1  

2.83E-03 

7.66E-01 

1.72E 00 

L.79E-02 

0.0 

2.14E 00 

0.0 

2.82s 00 

3.72E-01 

4.69E-01 

3.67€-01 

5.63E-02 

Q. 73E-02 

6.56F-O? 

3.59E-02 

1.9TF-01 

I .  



.. - 
PWTON OOSE-UATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAW!NATEO, A I R  . 

IN ~ V I Y R  PER ea/(cueIc clri 

NUCLIDE 

XE-131Y 

XE-133 

XE-1334 

XE-135 

XE-135Y 

XE-137 

XE-138 

C S-126 

C S-129 

CS-131 

CS-132 

CS-134 

CS-134'4 

C S-13 5 

CS-136 

CS-137 

CS-138 

CS-139 

8A-131 

OA-133 

e ~ - i 3 3 ~  

8 6-1 3 SY 

e a-1374 

9A-139 

e ~ - i + o  

HALF-LIFE 

11.84 D 

5.245 0 

2.19 0 

9.11 H 

15.36 ?4 

3.83 Y 

14.13 Y 

1.64 M 

32.06 n 

9.688 0 

6.475 D 

2.062 Y 

2.90 H 

2.3E6 Y 

13.16 0 

30.17 Y 

32.2 Y 

9.40 W 

11.8 0 

10.5 Y 

38.9 H 

28.7 H 

2.552 M 

83.1 M 

12.789 0 

KIDNEYS 

9.14E-03 

3.53E-02 

3.2LE -02 

2.72E-0 1 

4.93E-0 1 

2.21E-01 

1.50E 00 

1.30E 00 

2.93E-01 

7.73E-03 

8.35E-0 1 

1.87E 00 

2.13E-02 

J.0 

2.64E 00 

0.0 

3.06E 00 

04E -0 1 

S . 1 2 E - 0 1  

4.OSE-01 

6.22E-02 

5.48E-02 

7 .11E-01 

3.82E-02 

2.14E-01 

LIVER 

5.97E-03 

3.15E-02 

2.80E-02 

2.63E-01 

4.7lE-01 

2.1 LE-0 1 

1.42s 00 

1.25E 00 

2. TCE-01 

3.5 IE-03 

7.92E-01 

l .78E 00 

1.90E-02 

0.0 

2.51E 00 

0.0 

2.90E 00 

3.81E-01 

4.87E-01 

3.83E-01 

S.66E-02 

4.94 E-02 

6.78E-01 

3. TOE-02 

2 O4E-0 1 

LUNGS, 

7.06E-03 

3.5 lEyO2 

3.10E-02 

2 84E-01 

S.06E-01 

2.26E-01 

1.50E 00 

1.34E 00 

2 99E-01 

4.54E-03 

8.49E-01 

1.90E 00 

2 13E-02 

0.0 

2.686 00 

0.0 

3.06E 00 

4.02E-01 

5 26E-01 

4. 15E-01 

6.1 TE-02 

5.40E-02 

7.26E-01 

4 03 E-02 

2.2OE-01 

MARROW 

1. LLE-02 

6.05E-02 

4.28E-02 

3.71E-01 

5 BO€-0  1 

2. STE-01 

1.61E 00 

1.53E 00 

3.63E-01 

7.65 E-03 

9.45E-01 

2.1OE 00 

3.36E-02 

0.0 

2.94E 00 

0.0 

3.22E 00 

4.19E-01 

6.45E-01 

5.33E-01 

8.1 TE-02 

7.21 E-02 

8.07E-01 

5.62E-02 

2.59E-01 

REO 
M A R R T  

4.79 E-03 

2.30E-02 

2.93E-02.. 

2 9 1 E-0 1 

5.17E-0 1 

2.3 1 E-0 1 

1.SZE 00 

1.37E 00 

3.03E-01 

1.68E-03 

8.62E-0 1 

1.94E 00 

1.76E-02 

0.0 

2.71E 00 

0.0 

3.10E 00 

4.07E -0 1 

5.26E-01 

4.11 E-0 1 

6.OCE-02 

5.2 5 E-0 2 

7.39E-01 

3 8 7 E -0 2 

2.23E-01 

O V A R I  ES . .  
5.35E-Q3 

2.63E-02 

2.51 E-02 

2 37E-01 

4.53E-01 

2.00E- 01 

1.30E 00 

1.19E 00 

2.6OE- 01 

3.26E-03 

7.69E-01 

1.72E 00 

1.65E-02 

0.0 

2.4LE 00 

0.0 

2.7OE 00 

3.54E- 01 

4. ST€-01 

3.52E-01 

5.11E-02 

4.45E-02 

6.586-01 

3.26E-02 

1 94E-01 

PANCREAS 

4? 44E-03 

2.19E-02 

2 3SE-02 

2.26E-01 

4.06F-01 

1.82E-01 

1-24!? 00 

1 . O T E  00 

2.37E-01 

2.14E-03 

6.82E-01 

1.53E 03 

1.51E-02 

0.0 

2.16E 00 

0.0 

2.52E 00 

3.32E-0 1 

4. ME-01 

3.24E-01 

4. 78F-02 

4.15F-02 

5.84E-0 1 

3.13E-02 

1.TSE-01 

SKELETON 

1.14E-02 

6.23E-02 

4.38E-02 

3.79E-01 

5.90E-0 1 

2.61 E-01 

1.64F 00 

1.56E 00 

3.69E-01 

T.94E-03 

9.6 1 E-0  1 

2.14E 00 

3.46E-02 

0.0 

2.99E 00 

0.0 

3.27E 00 

4.25E-01 

6.57E-01 

5.43E-01 

8.33 E-02 

7.36E-02 

8.2OE-01 

5.76E-02 

2.6 3f -0 1 



VHW(lN OOSE-RATE CONVERSION FACTOR S FOP VARIOUS ORGAVS FOR IMMERSION I N  CONTAMINATEC A14 
TN SV/YQ PER 801(CU91C CMD 

YUCLT DE 

XE-131'4 

XE-133 

XE-133Y 

XE-135 

XE-135Y 

XE-137 

XE-138 

CS-126 

CS-129 

CS-131 

tS-132 

C S - 1 3 4  

CS-134'4 

CS-135 

CS-136 

CS-137 

CS-138 

CS-139 

9A-131 

an-133 

e p - 1 3 3 ~  

RA-135'4 

0 A- 13 TM 

04-139 

an-140 

HALF-L f FE 

11.84 0 

5.245 0 

2.19  0 

9 .11  H 

15.36 H 

3.83 H 

14.13 Y 

1.64 n 

32.06 H 

9.688 0 

6.475 0 

2.062 Y 

2.90 H 

2.366 Y 

13.16 0 

30.17 Y 

32.2 n 

9 .40  Y 

11.8 0 

10.5 Y 

38.9 H 

28.7 H 

2.552 Y 

83.1 Y 

12.789 0 

S K I N  

2.31E -0 2 

6 . 7 2 E - 0 2  

5 . 9 1 E - 0 2  

4.32E-O 1 

7.8OE-Ol 

3.43E-0 1 

2.23E 0 0  

2.05E 00 

4.80E-0 1 

2.39E -0 2 

1.32E 00 

2.92E 00 

3.95E 4 2  

0.0 

4.09E 00 

0.0 

4.56E 00 

5.91E-01 

8.26E-O 1 

6.62E -0 I 

1.06E -0 1 

9.48EQ2 

1.12E 00 

6.10E-02 

3.40E-01 

SOLEEN 

5.52E-03 

2.92F-02 

2.74F-02 

2. COE-0 1 

4.60E-01 

2.06F-01 

1.37E 00 

1.22E 00 

2 .  11E-0 1 

2 9OF-03 

7. TOE-01 

1.73F 00 

1.86 F-02 

0.0 

2.44E 00 

0.0 

2.79E 00 

3. t 7E- 01 

4.77F-01 

3.15E-01 

5.54E-02 

4.83E-02 

6.59E-01 

3.45 ? G O 2  

2.OOE-01 

STOMACH 

5.77E-03 

2 98E-02 

2. 16E-02 

2.59E-01 

4 65 E-01 

2 .QBE-Ol 

1.39E 00 

1.23E 00 

2. TZE-01 

3.28E-03 

7.83 E-01 

1.76E 00 

1 87F-02 

0.0 

2.48E 00 

0.0 

2.84E 00 

3 73E-01 

4. 8OE-01 

3.76E-01 

5.56E-02 

4.85E-02 

6. TOE-01 

3 m65E-02 

TESTES 

1 52 E-02 

5.72E-02 

4.80E-02 

3.87E-01 

6.80E-01 

3.01E-01 

1.96E 00 

l . 7 9 E  00 

4.14E-01 

1.37E-02 

1.14E 00 

2.53E 00 

3.33E-02 

0.0 

3.55E 00 

0.0 

4.01E 00 

5.25E-01 

7.2?E-Ol 

5.79E-01 

9.OlE-02 

7,97E-02 

9. b8E-01 

5.56E-02 

2 OZE-0 1 2.97E-0 1 

THY MUS 

8.04E-03 

4. I 4 E - 3  2 

3 28 E-0 2 

2 94  E-0 1 

5.15 E-0 1 

2.3OE-0 1 

1.54E 00 

1.36E 0 0  

3 05 E-0 : 
5.5 TE-0 3 

8.81E-OL 

1.9BE 00 

2 - 3 5  E-0 2 

0.0 

2.82E 00 

0.0 

3.17E 0 0  

4.LIE-01 

5.42 E-0 1 

4.30E-01 

6.48E-02 

5 69E-0 2 

7.52 E-01 

4.2 8 E-0 2 

2 2 5 E -0 1 

T W R O  IO 

1.19E-02 

5.42E-02 

4.30E-02 

3.68E-01 

b.30E-01 

2.90E-01 

1.82F 00 

1.66E 00 

~ . ~ O E - O I  

9.36 E-03 

1.07E 00 

2.39E 00 

3 . l l E - 0 2  

0.3 

3.38E 00. 

0.0 

3.74E 00 

4.90E-01 

6.72E-01 

5.38E-01 

8: 26E-02 

7.28E-02 

9. LO€-01  

5.39E-02 

2.76E-01 

UTEQUS 

Q.16E-03 

2.49E-02 

2.37E-02 

2.32E-01 

4. LlE-01 

1.86F-01 

1.29F 00 

L.09E 00 

2.4oc-01 

1. 58E -03 

6.88F-01 

1.55E 03 

1 59E-02 

0.0 

2.19E 00 

0.0 

2.58E 00 

3.4LE-01 

4.24F-01 

3.33E-01 

4.87F-02 

4.23F-02 

5.89E-01 

3.26E-02 

1. ?BE-01 

TDTAL 
Boor 

1.06E-02 

4.22E-02 

3.65C-02 

3.06E-01 

5.42E-01 

2. 4tE-01 

1.59F 00 

1.43E 00 

3.26E-01 

8.91E-03 

9. LOF-01 

2.03E 00 

2 5 1 E-02 

0.0 

2.86E 00 

0.0 

3.24E 00 

4.25F-01 

5. TO€-01 

4.54E-01 

4.96E-02 

6.13E-02 

1.75E-01 

4.37E-02 

2.36E-01 



PHCITOY OOSE-RATE CONVERSION FACTORS FOR V A R I O U S  ORGANS FOR IMMERSION I N  COYTAMINATFO A I R  
TN SV/YR PER BO/tCUB!C~CMl 

NUCLIDE 

84-141 

EA-142 

LA-140 

LA-141 

i d - 1 4 2  

CE-139 

CE-14 1 

CE-I 4 3  

CE-144 

pa-142 

PR-143 

Pa-146 

PR-144Y 

YO-147 

NO-149 

PM-143 

04-144 

PM-165 

PM-146 

Pw-147 

W-148 

P-148Y 

PM-I49 

PM-151 

SM-147 

HALF-LIFE 

18.27 M 

10.70 M 

40 .22  H 

3 .94  H 

95 .4  n 
137.66 0 

32.50 0 

33.0 H 

284.3 D 

19.13 H 

13.56 0 

17.28 Y 

7.2 M 

10.98 D 

1.73 H 

265'  D 

363 0 

17.7 Y 

2 0 2 0  0 

2 .6234 Y 

5 .37 D 

41.3 0 

53.08  H 

28.40 H 

1 . 0 6 9 E l l  Y 

AOREN ALS 

1.05E 00 

1.07E 00 

2.79E 00 

5.06E-02 

3.52E 00 

1.60E-01 

8.26E -02 

2.97E -0 1 

1 86E - 0 2  

6.99E -0 2 

1.08E-08 

4.04E -02 

3.04E-03 

1 45E -0 1 

4.33E-01 

3.52E-01 

1.82E 00 

1.04E-02 

8.79E-01 

3.85E-06 

6 .81E-01 

2.37E 00 

1.35E-02 

3.83E -0 1 

0.0 

BL AOOFR 

1.01E 00 

1.05E GO 

2.79E 00 

5.07E-02 

3.58E 00 

1.50E-01 

7 t9E-0 2 

2 83E-0 1 

1 78E-02 

7.09F-02 

1.03F-08 

4.07E-02 

0.52E-0 3 

1 4 1E-0 1 

4.07E-01 

3.43F-01 

1.75E 00 

1.47E-02 

8.4 1 E-0 1 

3. bo€-06 

6.73E-01 

2.27E 00 

1.26E-02 

3.61E-01 

0.0 

BP A! Y 

1.12E 00 

1.17E 00 

3.13E 00 

5072E-02 

3.98E 00 

1 55E-01 

8.10E-02 

3-05 E-01 

1.83E-02 

7.98E-02 

1. M E - 0 8  

4 55E-02 

2.32E-03 

1. 5OE-01 

4.42E-01 

3 77E-01 

1.95E 00 

8 75 E-03 

9.36E-01 

3.83E-06 

7 56E-01 

2.53E 00 

1.37E-02 

3.94E-01 

0.0 

8P.E 4ST 

1.36E 00 

l . 3 5 €  00 

3.52E 00 

6.3lE-02 

4.50E 00 

2.63E-01 

1 34E-01 

4.1lE-01 

3.30E-02 

8.82E-02 

1.32E-08 

5012E-02 

1.35E-02 

20 15 E-0 1 

5.97E-01 

4. 57E-01 

2.29E 00 

4.02E-02 

1 . l l E  00 

6 4 1 E-06 

8.49E-01 

2.95E 00 

1.80E-02 

5019E-01 

0.0 

HEAQT 

9.97E-0 1 

1.03E 0 0  

2.76E 0 0  

5.03E-02 

3.57E 00 

1.43 E-0 L 

7. 46 E-0 2 

2.71 E - 0  1 

1.68E-02 

7.03E-02 

1.02F-08 

*.OS€-02 

2.17E-03 

1.33E-0 1 

3.95E-01 

3.3 1 E-0 1 

1.71E 00 

8.06 E-03 

8.22E-01 

3.53E-06 

6.64E-0 1 

2.2ZE 00 

1.23E-02 

3.5 1 E-0 1 

0.0 

SHALL 
r NTES' IYE 

9.05E-01 

9.39E-01 

2.55E 00 

4.65E-02 

3.32E 00 

1 27E-01 

6.54E-02 

2.45E-01 

1.48E-02 

6.53E-02 

9.20E-09 

3. 7 4 ~ -  02 

2.45E-03 

I .  20E- 01 

3.54E-01 

3.01E- 01 

1.54E 00 

8.62E-03 

7.42E-01 

3.OSE-06 

6.09E - 01 

2.01E 00 

1.10E-02 

3.15E-01 

0.0 

UPPEP 
L A P  GF 

I Y  TEST IY E 

1.06E 00 

1. IOF 00 

2.9aE 00 

5.35F-02 

3.70E 03 

1 54E-01 

8.03E-02 

2.9OE-01 

1.83F-02 

7.49F-02 

1.08E-00 

4.30E-02 

3.4W-03 

1 44F-0 1 

4.2OE-01 

3.55F-01 

1.82E 00 

1.16E-02 

8.75E-01 

3.8OF-06 

7.07E-01 

2.36E 00 

1 3OE-02 

3.73E-01 

0.0 

LOWER 
LAP.GE 

!YTESTINE 

9.8 1E-0 1 

?.OLE 00 

2.71E 00 

4.93E-02 

3.51E 00 

1.42F-01 

7.34F-02 

2.f8E-01 

1.65F-02 

6.9 1 E-02 

9.96E-09 

3.97E-02 

2.6OE-03 

?.31E-01 

3.89E-01 

3.25E-01 

1.68F 00 

9.OIE-03 

8.06E-01 

3.43E-06 

6.5 1 E-01 

2.18E 00 

1.22E-02 

3.46F-01 

0.3 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAMINATED L I R  
I V  S V / Y R  PEP BO/(CUBIC CW 

NUCLIDE 

8A-141 

86-142 

LA-140 

LA-141 

L A - I 4 2  

CE-139 

CE-141 

CE-143 

CE-144 

PP-142 

PR-143 

PR-144 

PQ-144M 

h0-147 

NO-I 4 9  

PW-143 

PW-144 

PM-145 

PM-146 

Plr-147 

P C 1 4 8  

PN-148Y 

PP-149 

PW-151 

511-147 

HALF-LIFE 

18.27 M 

10.70 M 

40.22 H 

3.94 H 

95.4 H 

137.66 D 

32.50 0 

33.0 H 

284.3 Q 

19.13 H 

13.56 0 

17.28 Y 

7.2 Y 

10.98 D 

1.73 H 

265 0 

363 0 

17.1 Y 

2020 0 

2.6234 Y 

5.37 D 

4 3 . 3  0 

53.08 H 

28.40 H 

1.069El l  Y 

KIQNEYS 

1.06E 00 

l . l O E  00 

2.94E 00 

5.55E-02 

3.84E 00 

1.57E-Ol 

7.91E-02 

2.96E-01 

1.86E-02 

7.49E-02 

l . O B E - 0 8  

4.33E-02 

6.20E-03 

1 e 4 8 E - 0  1 

4.22E-01 

3.62E-0 1 

1.82E 00 

1.91E-02 

8.78E-01 

3.65E-06 

7.06E-01 

2.36E 00 

1.30E-02 

3.75E-0 1 

0.0 

L I V E P  

1.01E 00 

1 .04E 00 

2.19E 00 

5.07E-02 

3.59E 00 

1.47E-01 

7.63E-02 

2.79E-01 

1 75E-02 

7 09 E-02 

1 03E-08 

4.08E-02 

3.53E-03 

1.39E-01 

4.04E-01 

3 38F-0 1 

1.74E 00 

1.21 E-02 

8.3 5F-01 

3.59E-06 

6.7LF-01 

2.25'2 00 

1.25E-02 

3.58E-01 

0.0 

LUNGS 

1.08E 00 

l . 1 l E  00 

2.95E 00 

5.36E-02 

3.77E 00 

1.62E-01 

8.40E-02 

3 0 LE-01 

1 946-92 

7.48E-02 

1.10E-08 

4.3lE-02 

4.03E-03 

1 50E-01 

4.36E-01 

3.62E-01 

1.86E 00 

1.3%-02 

8.94E-01 

3 97E-OC 

7.1ZE-01 

2.41E 00 

1 -35 E-02 

3.87E-01 

0.0 

MARROW 

1.25E 00 

1.22E 00 

3.13E 00 

5.60E-02 

3.92E 00 

2.39E-01 

1.28E-01 

3.7oE-01 

3.OSE-02 

7.77E-02 

1.21 E-08 

4.52E-02 

7.08E-03 

1 94 E-0 1 

5.55E-01 

4.05E-01 

2.09s 00 

2.39E-02 

1.01E 00 

6.29E-06 

7.62E-01 

2.7lE 00 

1 68E-02 

4.79E-01 

0.0 

PED 
MAQROW 

1.1OE 00 

1 . l t E  00 

2.99E 00 

5 40E-0 2 

3.8LE 00 

1.51 E-0 1 

7 6 3 E-0 2 

3 e 0 1  E-0 1 

1 ME-02 

7.55 E-0 2 

1.12E-0 8 

4.37E-02 

1.62E-03 

1 e41E-O 1 

4.35E-01 

3.61E-01 

1.89E 00 

%. 99  E-0 3 

9.09E-0 1 

3.436-06 

7.2 1 E-0 1 . . _  
2.46E 00 

1.39E-02 

3.88E-01 

0 .O 

O V A R I  ES 

9.46E-01 

9.93E-01 

2.61E 00 

4.78E-02 

3.27E 00 

1.28E-01 

b 6OE-02 

2.60E-01 

1 50E-02 

6.61E-02 

9.99E-09 

3.77E- 02 

2 93 E-03 

L 29E-01 

3.72E-01 

3.2lE-01 

1.68E 00 

9.88E-03 

8.04E-01 

3.09E-06 

6.38E-01 , .  
Z.17E & 
1.16E-W 

3.33E- 01 

0.0 

P ANCR E A S  

8.72E-01 

8.98E-0 I 

2.42E 03 

4.40E-02 

3.14E 00 

I .  2 s - 0 1  

6.29E-02 

2.38C-0 1 

1.4OF-02 

6.16E-02 

8.86F-09 

3.54E-02 

1.94E-03 

1.14F-01 

3.44E-01 

2. 88E-01 

1.49E 00 

6 - 8  IF-03 

7.17F-01 

2.91E-06 

5.80E-01 

1.94E 00 

1 .O8E-02 

3.0bE-01 

0.0 

SKELETON 

1.27E 00 

1.24E 00 

3.181: 00 

5.69E -0 2 

3.98E 00 

2.45E-01 

I .  31 E-01 

3.77E-01 

3.13E-02 

7.90E-02 

1.23E-08 

4.59E-02 

7.24E-03 

?.97F-01 

5. SbE-0 1 

4.12F-01 

2.12E 00 

2.44E-02 

1.03E 00 

b.47E-06 

7.75E-01 

2.75E 00 

1.71E-02 

4.88E-01 

0.3 



PHOTON -DOSE-RATE CONVERSION FACVRS FOR VARIOUS QQChNS FOR IMMERSION I N  CONTAMINATED A I @  
I N  SV/Yr(  PER BQl(CU8IC C M I  

NUCL I DE 

~ a - 1 4 1  

8A-142 

LA-140 

LA-141 

l'A-I42 

CE-139 

CE-141 

CE-143 

CS-144 

PR-142 

~ a - 1 4 3  

PR-144 

P9-144'Y 

ND-141 

NO-149 

PF-143 

PM-144 

PIC145 

P'Y-146 

~ ~ - 1 4 1  

PY-148 

PM-148M 

PM-149 

P'Y-151 

SM-147 

HALF-LIFE 

18.27 M 

10.70 M 

40.22 H 

3.94 H 

95.4 M 

137.66 D 

32.50 D 

33.0 H 

284.3 D 

19.13 H 

13.56 0 

17.28 M 

r . 2  Y 

10.98 D 

1.73 H 

265 0 

363 D 

1 7 . 1  Y 

2020 D 

2.6234 Y 

5.37 0 

41.3 0 

53.08 H 

28.40 H 

1.069E11 Y 

S K I  h: 

1.64E 00 

1.69E 00 

4.42E 00 

' 8  0 4E -0 2 

5.53E 00 

2.e2E-0 1 

1.30E-01 

4 . 7 r ~ - 0 i  

3.15E-02 

1 . l l E - 0 1  

1.69E-08 

6.39E-02 

1.40E-02 

2.43E-01 

6 73E -0 1 

~ . T S E - ~ I  

2.87E 00 

4.07E-02 

1.38E 00 

5.97E-06 

1.08E. 00 

3.70E 00 

2.06E-02 

S . 9 7 E d l  

0.0 

SPL EEN 

9.86 E-0 1 

1 .01E 00 

2.69E 00 

4.89E-02 

3.45E 00 

1 . 46 E- 0 1 

r .  SBF-02 

2.72E-0 1 

1.72E-02 

6.83 E-02 

9.98E-09 

3.92F-02 

2 . 17 F-o 3 

1.34 E-01 

3.96 E-01 

3.26E-01 

1.69E 00 

9. TOE-03 

8. I t € - 0 1  

3.57E-06 

6.49E-01 

2.19E 00 

1 23E-0 2 

3 5 1 E-0 1 

0.0 

SfOMACH 

9.94E-01 

I.02E 00 

2 . 7 3 ~  00 

4.94E-02 

3.54E 00 

1.45E-01 

7.53E-02 

2.75E-01 

1. r 2 ~ - 0 2  

C .90E-02 

I .  O2E-08 

5 . O O E - 0 2  

3 . o r e 0 3  

1.36E-01 

3.98E-01 

3.33E-01 

1.71E 00 

1.06E-02 

8.24E-01 

3 55E-06 

6. 57E-01 

2.22E 00 

1.24E-02 

3 53E-01 

0 .o 

TESTES 

1.44E 00 

1 . 4 7 ~  00 

3 . 8 1 ~  00 

r .  or E-02 

4.92E 00 

2.34E-01 

I .  19E-0 1 

4.16E-01 

2.85E-02 

9. ICE-02 

1.46E-08 

5.62E-02 

9. rx-03 

2.12E-01 

5.97E-01 

4.92E-01 

2.49E 00 

2.98E-02 

1.2OE 00 

5 61 E-0  6 

9.3BE-01 

3.22E 00 

1 83 E-02 

5.27E-01 

0.0 

THYMUS 

1.12E 00 

i.irE 00 

3.06E 00 

5 6 0 E -0 2 

3.87E 00 

1.74E-01 

9.08E-02 

3.15 E-0 1 

2.1CE-02 

7.76E-02 

1. 15E-08 

4.42 E-0 2 

5 66 E-0 3 

1.59E-01 

4.54 E-0  1 

3.82 E-0 1 

1.92E 00 

1 87E-02 

9.26E-01 

4.33E-06 

7.4ZE-0 1 

2.49E 00 

1 3 9 E -0 2 

4 . O Z E - 0 1  

0.0 

THYRO IO 

1.36E 00 

1.40E 00 

3.62E 00 

6.62E-02 

4.52E 00 

2 24E-01 

1 16E-01 

3.89E-01 

2 . 7 ~ - 0 2  

9. 15E-02 

1.38E-08 

5.21E-02 

7. r8E-a  

1 -98E-01 

5.65E-01 

4.63E-01 

2.33E 00 

2. 50E-02 

1.13E 00 

5.58E- 06 

8.84E-01 

3.OZE 00 

1. r 2 ~ - 0 2  

~ . 9 r ~ - o i  

0.0 

UTERUS 

819IE-0 1 

9.13E-01 

2.49F 00 

4.52E-02 

3.22E 00 

1.28F-01 

6.56E-02 

2 42-01 

1.50E-02 

6 36E-3 2 

8.93E-09 

3.6SE-02 

2.10E-03 

1.19F-01 

3.53E-01 

2.91E-01 

1.51E 00 

r .  m - 0 3  

7.26E-01 

3. IZE-06 

5.93E-01 

1.96€ 00 

L.10E-02 

3.13E-01 

0.0 

TOTAL 
BODY 

1.15E 00 

1.18E 00 

3.13E 00 

5.68F-02 

3.99E 00 

1.8?E-O1 

9.25E-02 

3.28E-01 

2. I BE-02 

7.91E-02 

1. 1 r ~ - 0 8  

4.5SE-02 

6.45E-03 

1.65E-01 

4.72E-01 

3.92E-0 1 

1.99E 00 

2.02E-02 

9.59E-01 

4.36E-06 

r . s ~ ~ - o i  

2.58E 00 

1.45E-02 

4. I r e o 1  
0.0 



PHnioY DOSE-RATE CONVERSION FACTORS FOR vaaious ORGANS 
I N  S V / Y R  PER BQ/tCUBIC CWI 

NUCL I DE 

5+151 

SM-I53 

EU-152 

EU-1 5 2 Y  

EU-154 

EU-155 

EU-156 

60-152 

'GO-1 53 

GO-159 

GD-162 

15-157 

'8-160 

'8-162 

OY- 15 7 

DY- 16 5 

OY-166 

HO-166 

HO-166M 

ER-169 

~ a - 1 7 ~  

TM-I70 

TIU-171 

YB-169' 

Ye-175 

HALF-LIFE 

90 Y 

46:7 H 

13.6 Y 

9.32 H 

8.8 Y 

4.96 Y 

15.19 0 

I.LE14 Y 

211.6 b 

18.56 H 

9.7 Y 

150 Y 

72.3 0 

7.76 M 

8.06 H 

2.334 H 

81.6 H 

26.80 H 

I.ZOE3 Y 

9.40 D 

7.52 H 

128.6 0 

1.92 Y 

31.97 D 

4.19 D 

LIORENALS 

2.89E-07 

4.61E-02 

1.35E 00 

3.72E-0 I 

1.49E 00 

5.43E-02 

1.66E 0 0  

0.0 

7.79E-0 2 

4.13E-02 

4.90E-0 1 

l.7OE-03 

1.29E 00 

1.31E 00 

3.81E-01 

2.68E-02 

2.71E-02 

2.95E-02 

1.90E DO 

1. 74E-06 

4.17E-01 

4.06E-03 

4.13E-04 

2.86E-O 1 

4.45E-02 

0LA DDER 

1.55E-07 

4.90E-02 

1.32E 00 

3 63 E- 01 

1.46E 00 

5.5ZE-02 

1.t7E 00 

0.0 

8.43E-02 

3 98E-02 

4 6OF-01 

2.32E-03 

1.26E 00 

1.26E 00 

3.59E-01 

2.62E-02 

3.OZE-02 

30 04E-02 

1.81E 00 

1 .62E-06 

3.90E-01 

4.38E-03 

4.84E-04 

2.'83E-01 

4.18E-02 

BRAIN 

8.75E-08 

4.54E-02 

1.47E 00 

4 05E-01 

1.64E 00 

5 .  50E-02 

1.87E 00 

0.0 

7.6 1 E-02 

4.19E-02 

5.08E-01 

1 54E-03 

1.41E 00 

1.40E 00 

3.83E-01 

2.80E-02 

2.75E-02 

3.27E-02 

2.02E 00 

1 72E-06 

4.20E-01 

4 21E-03 

4.26 E-04 

2.85E-01 

4.55E-02 

. r  

FOR IMMERSION I N  CONTAWINATED A I R  

UPPER LOWER 
SMALL L41GE LARGE 

BREAST HEART I N T E S T I V E  I Y T E S l I r l E  I Y T E S f I N E  

4.25E-06 

1.01E-01 

1.72E 00 

4.71 E-01 

1.87E 00 

1.OBE-01 

2.10E 00 

0.0 

1.79E-01 

6.09E-02 

6.31E-01 

5 95 E-03 

1.62E 00 

1.66E 00 

5.38E-01 

3.97E-02 

6.34E-02 

4.51E-02 

2 . 4 1 E  00 

4.90 E-06 

5.90E-01 

9.15E-03 

1o10E-03 

5.18E-01 

6.  LZE-02 

1.03E-07 

'4.16E-02 

.-1.30€ 00 

'3.56 E-0 1 

1.44E 00 

5 02 E-0 2 

1.6tE 00 

0.0 

6.97E-02 

3.72E-02 

4.19 E-0 1 

1.39E-0 3 

1.24E 00 

1.24E 00 

3.42E-01 

2 4 8  E-0 2 

2.46E-02 

2.89E-02 

1.78E 00 

l.58E-06 

3.77E-0 1 

3.79E-03 

3.78E-04 

2.58E-0 I 

4.05 E-0 2 

7 84E- 08 

3. 76E-02 

l .18E 00 

3.24E-01 

1.31E 00 

4 43E-02 

1.53E 00 

0.0 

6.35E-02 

3.38E-02 

4.0 3€-01 

1.45E-03 

1.13E 00 

1.12E 00 

3.09E- 01 

2 24E-02 

2.28E-02 

2.66E-02 

1 . 6 1 E  00 

1.36E-06 

3 3 BE- 01 

3 41 E-03 

3.55E-01 

2.33E-01 

.- . .  * 

3 63E-02 

2.56F-07 

4. ?3E-02 

1.38E 03 

3.8OE-01 

1.53E 00 

5. 5OF-02 

l.76E 00 

0.0 

8. WE-02 

4.OOE-02 

1.76E-01 

1.85E-03 

1.3ZE 00 

1.32E 00 

3 66F-01 

2 67E-02 

2 7lE-02 

3.10E-02 

1.89E 03 

1.71E-06 

4. OOE -01 

1. 13E-03 

4 23E-01 

2. m - 0 1  

4.3OE-02 

2.05E-07 

4. L2E-02 

1.27E 00 

3.49E-01 

1.41E 00 

1.87E-02 

L . L Z E  00 

0.0 

6.94E-02 

3.7OF-02 

4.42E-0 I 

1.49E-03 

1.22E 00 

1.21E. 00 

3.4OE-01 

2.43E-02 

2.43E-02 

2.83E-02 

1.14E 00 

1.54F-06 

3.73E-01 

3.66E-03 

3.7lE-04 

2.55E-01 

3.99E-02 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION IN CONTAMINATE0 A I R  
IN SVlYR PER BQ/(CUBIC CPI  

NUCLl DE 

SM-151 

SY-153 

EU-152 

EU-152Y 

E l l - 1 5 4  

Fu-155 

Ell-156 

GO-152 

GO-153 

GO-159 

GD-162 

T8-15 7. 

78-160 

T9-162 

DY- IS1 

CY-165 

OY-1.66 

nn-166 

HO-166'4 

ER-169 

ER-171 

TM-170 

TM-171 

YE-169 

YB-I75 

HALF-LI FE 

90 Y 

4 6 . 7  H 

13.6 Y 

9.32 H 

8.8 Y 

4.% Y 

15.19 0 

l . l E 1 4  Y 

241.6 D 

18.56 H 

9.7 M 

1 5 0  Y 

7 2 . 3  D 

7.7t  M 

8.06  H 

2.334 H 

81.6  H 

26.80 H 

1.20E3 Y 

9.40 0 

7.52 H 

128.6  0 

1.92 Y 

31.97 0 

4 . 1 9  D 

K l O l V E Y S  

3 92E-0  7 

5.31E-02 

1.39E 0 0  

3.81E-01 

1.53E 00 

5.74E-02 

1.77E OD 

0.0 

9.24E-02 

C. lBE-02 

4.77E-01 

2.82E-03 

1.32E 00 

1.31E 0 0  

3.74E-01 

2.75E-02 

3.30E-02 

3.22E-02 

1.89E 00 

1.65E-06 

4.03E-01 

4 .63E-03 

5.32E-04 

2.98E-01 

4.32E-02 

L I VEP 

1 -32E-07 

4.66 F-0 2 

1.31E 00 

3.60E-.Ol 

1 . 4 f F  00 

5.41E-02 

1.67E 00 

0.0 

7.95E-02 

3.9 1 E-02 

4.58E-0 1 

2 00 E-0 3 

l . 2 5 E  00 

1.25E 00 

3.55E-01 

2 58E-02 

2.89E-02 

3.01F-02 

1.8OE 00 

1.62E-06 

3.87E-01 

4.29E-03 

4.65E-04 

2 79E-01 

4. LSE-02 

LUNGS 

3.40E-07 

5.17E-02 

1.40E OD 

3 84E-01 

1.55E 00 

6.00E-02 

1.76E 00 

0 .o 

8.84E-02 

4.23E-02 

4.92E-01 

2 22E-03 

1.33E 00 

1.34E 00 

3. 8CE-01 

2.80E-02 

3 19E-02 

3.22E-02 

1.93E 00 

I 81 E-06 

4.2OE-01 

4.76E-03 

5 18E-04 

3 06 E-01 

4.49E-02 

WARPOW 

4.95 E-07 

8.69E-02 

1.54E 00 

4.24E-01 

1.69E 00 

I. OlE-01 

1.86E 00 

0.0 

1. 5OE-01 

5.45E-02 

5.85E-01 

3.99E-03 

1.46E 00 

1.52E 00 

4.92 E-01  

3.59E-02 

5.36E-02 

4. W E - 0 2  

2.22E 00 

2.91 E-0 C 

5.51E-01 

8.33E-03 

9.32E-04 

4.71 E-0 1 

5.71E-02 

PED 
WAR Q OW 

1.16E-0 7 

3.6CF-02 

1.40E 00  

3 85E-0 1 

1.55E 00 

4.36E-02 

l .78E 00 

0.0 

5.99E-0 2 

4.09 E-0 2 

5.0bE-01 

9.85E-04 

1.34E 00 

1.36E 00 

3.83€-,01 

2.60 E-0 2 

2 04 E -0 2 

2 9 0  E -0 2 

1.95E 00 

1.50E-06 

4.16 E-0 1 

2.98E-0 3 

2.69 E - 0 4  

2.53 E-0 1 

4.49 E-0 2 

OVARI ES 

2.23E-07 

3 93E-02 

l . 2 5 E  00 

3.47E-01 

1.39E 00 

4-56C-02 

1.56E 00 

0.0 

6.67F-02 

3.59E-02 

4.33E-01 

I .61E-03 

1.20E 00 

1.19E 00 

3.25E - 01 

2.40E- 02  

2.42E- 02 

2.74E-02 

1.72E 00 

1.40E-06 

3.52E-01 

3.55E-03 

3.77E-00 

2 39E-01 

3.83E-02 

P ANCQ E A S  

1.77F-07 

3.3 5E -0 2 

1.13E 03 

3 09E-0 1 

1.25E 00 

3.98F-02 

1 .4SE 00 

0.0 

5.61E-02 

3.25E-02 

3.94E-01 

1 1 Z F - 0 3  

1.08E 00 

1 . 0 8 F  00 

3.01E-01 

2.12E-02 

1.9% -0 2 

2.45E-02 

1.55E 00 

1.30E-06 

3.2 8E-0 1 

2 90E-03 

2.84E-04 

2 . lSE-01 

3.53E-02 

SKELFTON 

5.67F-07 

8.92E-02 

1.57E 00 

4.31E-01 

1.72E 00 

1 04 E-0 1 

1.89E 00 

0.0 

?. 54F-01 

5.55E-02 

5.95E-01 

*.OB€-03 

1.49E 00 

1.SSE 00 

5.01E-01 

3.67F-02 

5.50E-02 

4.08E-02 

2.26E 00 

3.0 2E-06 

5.62E-0 1 

8.56E-03 

9.56E-04 

4.8 2E-0 1 

5.82E-02 



PHOTON DOSE-RATE CONVERSION FACTORS FOP VARIOUS ORGANS FOR IMMERSION I N  CONTAMINATE0 AIR 
IN SV/YR PER BO/(CUBIC CU) 

NUCLIDE 

SM-151 

SM-153 

EU-152 

EU-152M 

EU-I54 

EU-155 

EU- I56 

G-152 

(30-153 

GO-159 

GO-162' 

T8-157 

TB-160 

YB-162 

Or-15 7 

OY- 16 5 

DY-166 

HO-166 

HO- 166M 

ER-169 

ER-171 

TM-170 

TM-171 

YB-169 

Y8-175 

HALF-LIFE 

90 Y 

46.7 H 

13.6 Y 

9.32 H 

8.8 Y 

4.96 Y 

15.19 0 

l . lE14  Y 

241.6 D 

18.56 H 

9.7 Y 

150 Y 

72.3 0 

7.76 M 

8.06 H 

2.334 H 

81.6 H 

26.80 H 

1.20E3 Y 

9.40 0 

7-52 H 

128.6 0 

1.92 Y 

31.97 0 

4.19 0 

S K I N  

6 e22E-06 

9.5%-02 

2.14E 00 

5.94E-01 

2.36E 00 

9.94E -02 

2.64E 00 

0.0 

1.68E41 

6.85E-02 

7-55E-0 1 

5.92E-03 

2.04E 00 

2.05E 00 

6.04E-01 

4.5OE-02 

6 . 1 1 E - 0 2  

5.13E-02 

2.96E 00 

6.86E-06 

6.47E -0 1 

8.43E-03 

1.03E-03 

5.10€01 

6.91E-02 

SPL EEN 

1. 79E-07 

4.34E-02 

1.27E 00 

3.48E-01 

1.41E 00 

5.14E-02 

1.61E 00 

0.0 

7 34E-02 

3.78E-02 

4.49E-01 

I .  62E-03 

1.21E 00 

L.22E 00 

3.4 7 E- 0 1 

2.49E-02 

2.596-02 

2-86E-02 

1.75E 00 

1 60E-06 

3.81E-01 

3.92E-03 

4.03E-04 

2.66E-0 I 

+.OS€-02 

STOMACH 

2 04E-07 

4.43E-02 

1.29E 00 

3.55E-01 

'1.43E 00 

5.20E-02 

1.64E 00 

0.0 

7.52E-02 

3.8  LE-02 

4 5 1 E-O? 

1..75E-03 

1.23E 00 

1.24E 00 

3 . Q B E - O l  

2 52E-02 

2.68E-02 

2.90E-02 

1.78E 00 

1 m60E-06 

3.81 E-01 

4.02E-03 

4 22E-04 

2.68E-01 

4 09E-02 

TESTES 

1 62 E-06 

8.33E-02 

1.86E 00 

5.14E-01 

2.05E 00 

9.08E-02 

2.31E 00. 

0.0 

1.45E-0 1 

5.98E-02 

6.64 E-0 1 

4.50E-03 

1.77E 00 

1 . T 9 E  00 

5.32E-01 

3.94E-02 

5.25E-02 

4.49E-02 

P.59E 00 

2. T 4 E - 0 6  

5.78E-01 

7.52E-03 

8.81E-04 

4.55E-01 

6.14E-02 

THY MUS 

1 4 5 E -0 7 

6 12E-02 

1.47E 00 

4. 07E-0 1 

1.63E 00 

6.92 E-0 2 

1.83E 00 

0.0 

1.06 E-0 I 

4.45 E-02 

5.00E-0 1 

3 -03 E-0 3 

1.41E 00 

1.41E 00 

3.90E-0 1 

3.00E-02 

3.84 E-0 2 

3.5 1 E-0 2 

2.02E 00 

1 9 8 E -0 6 

4.37E-01 

5.68E-0 3 

6 46 E-04 

3.41 E-01 

4.63E-02 

THYRr? I D  

6.68E-07 

7.93E-02 

1.77E 00 

6.89E-01 

1.95E 00 

8.92E-02 

2.17E 00 

0.0 

I 38E-01 

5 55 E- 02 

6.16E-01 

3.95E-03 

1.69E 00 

1.7OE 00 

4.97E-01 

3 71 E-02 

.4.94E-02 

4.27E-02 

2.45E 00 

2 56E- 06 

5.47E-01 

7.32E-03 

8.35E-o+ 

4 36E-01 

5. 77E-02 

UTEQUS 

I. 87E-08 

3. 73E-02 

1.15E 00 

3.13E-01 

1.27E 00 

4 46E-0 2 

1.48E 00 

0.0 

b.27E-02 

3 36C-02 

4.01E-01 

1.33E-03 

1 . l O E  00 

1.09E 00 

3 09E-0 1 

2.2OE-0 2 

2.22E-02 

2. S9E-02 

1.57E 00 

I .  39E-06 

3.38E-01 

3.37E-03 

3.3%-04 

2.32E-01 

3.63E -0 2 

TOTAL 
RObY 

1.18E-06 

6.17E-02 

1.49E 00 

4.12E-01 

1.65E 00 

6.86E-02 

1.87E 00 

0.0 

1.07E-01 

4.66E-02 

5.28E-01 

3.10E-03 

1.42E 00 

l.43E 00 

4. 18E-01 

3.08E-02 

3.85E-02 

3.53E-02 

2.07E 00 

2.23E-06 

4.55E-01 

5.57E-03 

6.36E-04 

3. 47E-01 

4.85E-02 



20-3 12 *€ 

90-3 18 '1 

00 319.1 

20-359'9 

EO-3Zl'E 

20-300'9 

00 389 '.1 

0'0 

10-38S'L 

20-360'9 

0 '0 

ZO-ii58 '1 

10-300'9 

10-308 *6 

10-392 '1 

00 3ZE.1 

00 368'1 

€0-361 'I 

IO-310's 

50-399 '2 

20-36E '2 

00 399'1 

10-319 'S 

10-358 '6 

20-36E 'E 

3NllS3Aki 
39\rVl 
13HOl 

ZO-3E9 'E 

80-329 '1 

00 309'1 

20-322 '1 

EO-31S'E 

Z 0-3L9 9 

00 328'1 

0'0 

IO-ilsz '8 

20-329'9 

0'0 

20-390 '2 

K0-39€ 'C 

00 310'1 

KO-3LE 1 

00 399'1 

00 350'2 

€0-316'1 

10-315 'S 

50-316'2 

20-311 '2 

00 3lS.K 

10-380 -9 

00 390'1 

Z0-3S9 L 

3)uIAS3Atd1 
33bPl 
13 ddn 

-. 

20-3 90'E 

60 - 38 9 '8 

00 3SE'K 

20- 3 80 '9 

€0-396'2 

LO-369's 

00 39S.1 

.O'O 

10-300 '1 

20-39s '5 

0'0 

20-319'1 

KO -389 E 

10-380 *6 

10 -391 1 

00 39Z'K 

00 3S1'1 

€0-329'1 

10-31 9 Of 

SO-39E'Z 

20 - 382 2 

00 3SE.1 

10-321 'S 

10-326'8 

20 -390 'L 

3N11S3ANI 
11PWS 

2 0-3 SE 'E 

10-391 '5 

00 305'1 

20-361 '9 

€0-3 S 2 'E 

2 0-3 1 2 *9 

00 311'1 

0'0 

10-3Sl '1 

2 0-3 22 '9 

0'0 

2 0-306'1 

10-3 80'9 

00 300'1 

10-312'1. 

00 3SE.I 

00 326'1 

E 0-3 18' I 

10-361 'S 

SO-3 11 -2 

2 0-3 99' 2 

00 319'1 

IO-3LL'S 

10-316.6 

2 0- 329 'E 

~YP 314 

20-39E '8 

90-399'E 

00 311'2 

10-390.1 

EO-36E'B 

10-362 'I 

00 38E.Z 

0.0 

00 350'1 

20-3ZE -6 

0 '0 

20-3S9'E 

10-380'9 

00 3f€'1 

10-329'2 

00 318.1 

00 389'2 

€0-3 18'2 

10-3fl '1 

40-318 '9 

20-369 '9 

00 3f6'1 

I 0 -3 OE '8 

00 309.1 

20-356'5 

ASV 3Y8 

20-381' € 

LO -3 ZS E 

00 301'1 

20-399 '1 

EO-399'E 

20-398 9 

00 396'1 

0'0 

10-3~~ =e 

20-396' 9 

0'0 

20-380 2 

10-309'9 

00 391.1 

10-309' 1 

00 39S'I 

00 311'2 

€0-300'2 

10-306'5 

50-396'2 

20-381'2 

00 389'1 

10-31 b P 

00 311'1 

20-391 'E 

NIP80 

20-386 ' E 

60-3SO'E 

00 3t4.1 

20-390'1 

EO-3S8'E 

20-3EL '9 

00 3S1'1 

0'0 

10-356.1 

20-3 SE *9 

0'0 

20-310 2 

10-312 '9 

00 320'1 

10-309*1 

00 38E.I 

00 316'1 

€0-398 I 

10-31E'S 

SU-3SL'Z 

2 0-3 SO E 

00 305'1 

10-318'C 

00 3EO.1 

20-39S'C 

~~aav~~ 

20-39S'E 

90-309'9 

00 329'1 

20-38E.L 

EO- 3S9'6 

20- 369'9 

00 358.1 

0'0 

i0-3~z=e 

20- 389'9 

0 '0 

20-310'2 

10-3SE'9 

00 350'1 

IO- 36E'f 

00 36E.1 

00 310'2 

E O-320.2 

10-39S.S 

SO-396.2 

2 0- 359.2 

00 325'1 

10-312.9 

00 301'1 

LO- 318 'E 

S'WN3YOV 

H 2'E 

n 2.1 

0 8L.11 

H O'OE 

n EO*EI 

a C*SK 

M 6'6 

A 5130'2 

a 9.~6 

H 86'91 

A 0131'9 

H 99'06 

a 691 

0 0'8E 

0 OL 

H 1'21 

H 0.99 

0 C'69 

H EB'EZ 

a t-si 
a S~*OZI 

0 *L'fKl 

0 6E'Z* 

a oi*o9i 

a 1~09 

331l-j1VH 

k061-81 

HO61-81 

061-81 

€61-50 

Wl6l-SO 

I 61-50 

k061-SG 

981-SO 

se>-so 

eel-38 

181-3b 

981-3d 

we 1-3b 

981-3a 

EBI-~~ 

kZ81-38 

281-31 

881-M 

181-H 

se1-n 

181-M 

ZBl-VA 

181-AH 

HlLK-fiI 

LLi-ni. 

30 1 WON 



20-388 *A 

90-349'5 

00 366.1 

10-3 10'1 

€0-339 '1 

10-392'1 

00 352'2 

0 '0 

10 -3 E B *6 

20-3E6'8 

0'0 

20- 385 *E 

\ 10-311 '4 

00 352'1 

10-3e9*z 

00 399'1 

00 363'2 

€0-301'2 

10-301 '9 

S 0 -3 16 -9 

20-390'9 

00 381'1 

10-368 *L 

00 3ES.1 

20-391 '5 

NO1 3 13XS 

20-305 '2 

90-315 2 

00 31E.1 

20- 32 e *s 
EO-3Ef '2 

20-3E6 '9 

CO 305.1 

0'0 

10- 311 9 

Z0-39€ 'S 

0'0 

20-355 1 

10-306'€ 

I 0- 399 -e 

10-3EO '1 

00 3Ll'l 

20-311 *E 

90-321.'1 

00 35+'1 

20 -3k 9 

€0-380 'E 

20-31 9 '5 

00 359.1 

0'0 

10-365 '1 

ZO -3€8 S 

0'0 

20-301 'I 

io -368 *E 

10-381 -6 

10-311 '1 

00 30E.1 

20-3 evz 
90-3 + 1 1 

00 399.1 

2 0-3SZ'L 

€0-3.19'2 

20-363's 

00 316'1 

0'0 

1 o-3E9-e 

7 0-329.'9 

0'0 

z 0-3 1: e-K 

1 O-3ZE't 

00 '3eo*i 

1 0-381 -1 

00 3W.l 

20-3 e9 -1 

90-3 60 '2 

00 396'1 

204% *6 

€0-3+*'1 

10-322 '1 

00 312'2 

0'0 

10-319'6 

20-3 51 '8 

0'0 

2 0-36, 'E 

10-309'5 

00 322'1 

10-3ZC'Z 

00 3E9'1 

ZO-31E '9 

30-3e~. E 

00 359'1 

20-365 '1 

€0-31 1 T9 

20-39E'L 

00 318'1 

0'0 

10-399*e 

20-3~ e* 9 

0'0 

20-3 02' 2 

10-31 5' 9 

00 360'1 

10-325 1 

00 393'1 

LO-306.C 

80-319.9 

00 3ES.K 

20-3 10 1 

€0-381 E 

2 0-319 9 

00 391'1 

0'0 

10-m-i 

20-32€'9 

0'0 

20-366 1 

10-381*+ 

00 320'1 

10-3e~*i 

00 31E.1 

20-302'9 

80-380'1 

00 309'1 

20-30E'L 

€0-390 '+ 
20-336'9 

00 32e-i 

0'0 

1 0-362 -e 

10-315'9 

0'0 

20-390'2 

IO- 36E"r 

00 3l.0'1 

10-399'1 

00 35+'1 

! 
\ 

H Z'f 

H toil 

a ~A-II 

H O'OE 

H EO'EI 

a t-si 

W 6'6 

A 5130'2 

0 9'E6 

H e6091 

A 013L'C 

n 39.06 

0 691 

0 0'8€ 

a OL 

H 1.21 



PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAFIINATEO A I R  
1 Y  S V I Y R  PER BO/tCUBIC CWt 

NUCL 1 OE 

Lu-177 

LU-lT7W 

HF-18 1 

TA-182 

w-181 

Y-185 

w-187 

W-188 

RE-182 

RE- 1 8 Z Y  

RE-1 83 

RE-184 

RE-184Y 

RE-186 

RE-187 

RE-188 

OS-185 

05-186 

.QS- l90Y 

OS-19 1 

OS-19 1 Y  

OS-193 

IR-190 

IR-19OM 

I R-19OY 

HAW-L I FE 

t . 7 1  0 

160.10 0 

42.39 0 

114.74 0 

120.95 0 

75.1 0 

23.83 H 

69.4 0 

64.0 H 

12 .7  n 

70 0 

38.0 0 

169 0 

90.64 H 

4.7E10 Y 

16.98 H 

93.6 0 

2.OE15 Y 

9.9 M 

15.4 0 

13.03 H 

30.0 H 

11.78 0 

1.2 H 

3.2 H 

S K I N  

5.96E-02 

1.72E 00 

9.68E-01 

2.42E 00 

6.19E-02 

4.56E-05 

8.75E-01 

3.05E-03 

3.20E 00 

2.246 00 

2 53E-0 1 

l .68E 00 

7.01E-0 1 

3.46E-02 

0.0 

1.04E-01 

1.31E 00 

0.0 

2.87E 00 

1.20E-01 

8.04E-03 

1.18E-0 1 

2.53E 00 

7.34E-04 

7.66E-0 2 

SPLEEN 

3 49E-02 

1.01E 00 

5.72E-01 

1.44E 00 

2.59E-02 

2.74E-05 

5.13E-01 

1 83 E-03 

1.90E 00 

1.32E 00 

1 3OE-0 1 

9.83E-01 

4.05 E-01 

1 93 G O 2  

0;  0 

6.19E-02 

7.64E-01 

0.0 

1.7oe 00 

6.34E-02 

3.37E-03 

6.82E-02 

1.49E 00 

9.93E-07 

3.48E-02 

STOMACH 

3 48E-02 

1.01E 00 

5 75E-01 

1.46E 00 

2 70E-02 

2 I t € - 0 5  

S.2lE-01 

1. 82E-03 

I .92E 00 

1.34E 00 

1.32E-01 

1.00E 00 

4. 10E-01 

I .94E-02 

0 .o 

6.23E-02 

7.78E-01 

0.0 

1.7ZE 00 

6.4OE-02 

3.49E-03 

6.87E-02 

1.51E 00 

8.98 E-07 

3.60E-02 

TESTES 

5.43E-02 

1 . 5 4 E  00 

8.56E-01 

2.11E 00 

5.41E-02 

4.28E-05 

7.64E-01 

2. 74E-03 

2.81E 00 

1.95E 00 

2 27E-0 1 

1.46E 00 

6.17E-01 

3.18E-02 

0.0 

9.30 E-02 

1.14E 00 

0.0 

2.52E 00 

1 09  E-0 1 

6.66E-03 

1. 05 E-0 1 

2.22E 00 

3.19E-05 

6.85 E-02 

' THY MUS 

4 . l iE -02  

1.17E 00 

6.47E-0 1 

1.68E 0 0  

4.05E-02 

3.30E-05 

5.89E-0 1 

2 08 E -0 3 

2.ZtE 00 

L.55E 00 

1.72E-01 

1.1SE 00 

4.81 E-0 1 

2.45 E-02 

0.0 

7.24E-02 

8 .85 E-0 1 

0.0 

1.92E 00 

8-43 E-02 

5.09 E-0 3 

7.98 E-0 2 

l.7OE 00 

3.696-09 

5.25E-02 

THYRO YO 

' 5: 26E-02 

1.46E 00 

8.00E-01 

2 . O l E  00 

5.2 1 E-02 

4.25E-OS 

7.18E-01 

2.60E-03 

2.68E 00 

1.86E 00 

2.2OE-Ol 

1.39E 00 

5j.90E-01 

3.13E-02 

0.0 

8.95E-02 

1.07E 00 

0.0 

2.36E 00 

1.08E-01 

6.49E-03 

9.92E-02 

2.09E 00 

2 2 1  E-06 

6. I O € - 0 2  

UTERUS 

'3.08E102 

8.96 E-0 1 

5.lOE-01 

1.31E 00 

2.21E-02 

2.4OE-05 

4. 58E-01 

I. 63E-03 

1.TZE 00 

1.20E 00 

1.14E-01 

8. B O € - 0 1  

3.6lE-01 

1.69E-02 

0.0 

5.52E-02 

6.83E-01 

0.0 

1.52E 00 

5.546-02 

2.92E-03 

6.OTE-02 

1.34E 00 

9.5LE-10 

3.OZE-02 

TOTAL 
800Y 

4.24E-02 

1.21E 00 

6.78E-01 

1.69E 00 

3m94E-02 

3.33E-05 

6.08E-01 

2.16E-03 

2.25E 00 

1.56E 00 

1.72E-01 

1.17E 00 

4. B E E - 0 1  

2. M E - 0 2  

0.0 

7.37E-02 

9.07E-0 1 

0.0 

2 . O l E  00 

8.30E-02 

4.93E-03 

8.24E-02 

1.77E 00 

4. QOE-05  

S.05E-02 



PHOTON ODSE-RATE CONVERSIQN FACTORS FOR VARIOUS QACAYS FOR I M M E R S I O N  I N  CONTAMINATE0 A I R  
I N  SV/YR PEP. BO/(CU8IC C W I  

NUCLIDE 

IR-192 

IR-193Y 

TR-194 

IR-194M 

PT-191 

V f - 1 9 3  

QT-193Y 

Pf-195* 

QT-197 

PI-197Y 

AV-194 

4U-195 

4U-195W 

BU-196 

AU-198 

BU-199 

HG-197 

HG-L97W 

HG-203 

TL-200. 

TL-201 

tL-202 

71-204 

TL- 20 X 

TL-208 

HALF-LIFE 

74.02 0 

11.9 0 

19.15 H 

171 0 

2.11 0 

50 Y 

4.33 0 

b.02 0 

18.3 H 

94.4 Y 

39.5 H 

183 0 

30.6 S 

6.183 0 

2.696 0 

3.139 0 

64.14 H 

23.8 H 

46.60 0 

26.1 H 

73.06 H 

12.23 0 

3.779 Y 

4.77 Y 

3.053 r( 

AORENALS 

9.51E-OL 

2.63E-04 

1.07E-01 

2.74E 00 

3.00E-01 

4.28E-06 

8 -46E-03 

5.92E-02 

2 24E-02 

8.01E-02 

L 2 8 E  00 

6.80E -0 2 

2.25E-01 

5.31E-OL 

4. 7OE-01 

9.80E-02 

5.62E-02 

9.38E-02 

2.62E-01 

1.54E 00 

8.23E-02 

5 . 2 3 E 4 1  

9.09E-04 

2 . 6 5 E 4 3  

4.S2E 00 

BLAOOER 

R.89E-01 

2.86E-04 

1. O2E-0 1 

2.60E 00 

2.94E-01 

7 72 E- 13 

9.23F-03 

6.26E-02 

2 24F-02 

7.936-02 

1.27E 00 

7928F-02 

2.09E-0 1 

5.ooE-01 

4.4 1E-0 1 

9.13E-02 

6.02F-02 

9 04E-0 2 

2.42E-01 

1.50E 00 

8.45E-02 

4.99E-01 

9.74E-04 

2 a 57E-03 

8R A I  N 

9.77E-01 

Z 75E-04 

1. LZE-01 

2.88E 00 

3 1 4 5 0  1 

3.41 E-07 

8 98 E-03 

6 19E-02 

2 30E-02 

8.31E-02 

l . 4 l E  Ob 

7 16E-02 

2 24E-01 

S.43E-01 

4.88E-01 

9.69E-02 

5.95E-02 

9.47E-02 

2.61E-01 

1.67E 00 

8.54E-02 

5.46E-01 ' 

9.64E-04 

2 89E-03 

BREAST 

1.25E 00 

9.27E-04 

1.38E-01 

3.49E 00 

4.62E-01 

3.35E-04 

1.93 E-02 

1 26E-01 

4.15E-02 

1.32E-01 

1.68E 00 

1.48E-01 

3.21E-01 

1- 35E-01 

6 06E-01 

1.55E-01 

1.ZtE-0 1 

1.61 E-01 

3.64E-01 

1.9TE 00 

1 63E-0 1 

7.LIE-01 

1 976-03 

3.23E-03 

4.51E 00 S.OOE OD 5.7LE 00 4.50E 00 +.19E 00 4.T8E 00 4.43E 00 ' 

HE ART 

8.67F-0 1 

Z.45E-04 

9.95 E-02 

2.54E 00 

2. TEE-01 

5. 58E-07 

8.0 1 E-0 3 

5 -57  E-0 2 

2.07 E-02 

7.41 E-02 

1.2SE 00 

6.626-0 2 

2.02E-01 

4.83E-01 

4.3 1 E-0 1 

8-86E-02 

5.32E-0 2 

8.62 E-0 2 

2 35 E-0 1 

1.47E 00 

7. TOE-02 

4.82E-0 1 

8.63E-04 

2.54E-03 

SMALL 
INTEST I N €  

7.79E-01 

2.22E-W 

9.00E-02 

2.29E 00 

2. 50E- 01 

7.19E-09 

7.22E-03 

4.97E-02 

1 84E-02 

5.66 E-02 

1.14E 00 

5.75E-02 

1.8 LE- 01 

4.34E-01 

3.87 E- 01 

7. BLE-02 

4. IT€ -02  

7.59E-02 

2. LIE-01 

1.34E 00 

6.85E-02 

4.33E-01 

7.7LE-04 

2.30E-03 

UVP Ea 
L4RGE 

I Y T E S T I  YE 

9.19E-0 1 

2.64E-04 

1 065-01 

2. TOE 00 

2.96E-01 

l r 0 b E - 0 8  

8.60E-03 

5.99E-02 

2.2?F-O2 

T.88E-02 

1 336 00 

6.90E-02 

2.14E-01 

5.12E-01 

4.5SE-01 

9.43E-02 

5. TOE-02 

9.2LE-02 

2.49E-01 

1.56E OD 

8.23E-02 

5. ILE-01 

9.23E-04 

2. TOE-03  

LOWER 
L AR GE 

I Y t E S T I Y E  

8.55E-01 

2.36E-04 

9.8 1 E-02 

2.49E 00 

2. 71E-01 

1.76E-06 

7.64E-03 

5.34E-02 

2.OlF-02 

1.24E-02 

1.23E 00 

be 14E-02 

2.OOE-01 

4.76E-01 

4.24E-01 

8.71E-02 

5.07E-02 

8.38E-02 

2.33F-01 

1.44'2 00 

7.4OE-02 

4.73E-01 

8.2 1 E-04 

2. 48E-03 



PHOTOY OOSE-UfiTE COWVERSION FACTORS ROR VARIOUS ORGANS FOR IMMERSION I N  CONTAMINATE0 A I R  
I Y  s v / w  PER BQ/(CUBIC CM) 

N lKL IOE 

lR-192 

1 Q-193M 

TR-194 

1R-194Y 

PT-19 I 

or-193 

PT-19 3' 

P 1-19 5*  

PT-197 

PT-197M 

AU-194 

AU-195 

bU-19SY 

nu-196 

AU-I98 

bU-199 

HG-197 

YG-197M 

HG-203 

T L- 200. 

TL-20 1 

TL-202 

11-204 

TL-207 

TL-208 

HALF-LIFE 

74.02 0 

11.9 D 

19.15 H 

171 0 

2 -71  0 

50 Y 

4.33 a 

4.02 0 

18.3 H 

94.4 M 

39.5 H 

183 a 

30.6 S 

6.183 0 

2.6% D 

3.139 0 

64.14 H 

23.8 H 

46.60 D 

26.1 H 

73.06 H 

12.23 0 

3.779 v 

4.77 4 

3.053 M 

KIDNEYS 

9.20E-Ol 

3. OOE-04 

1.06E-01 

2.69E 00 

3.06E-01 

5.13E-09 

9.6 3E-0 3 

6. SOE -02 

2.30E -0 2 

8.2ZE-02 

1.33E 00 

7.57E-02 

2.15E-Ol 

5.17E-01 

4.57E-01 

9 . 3 4 E 4 2  

6.24E-02 

9.ZSE-02 

2.50E-01 

1.57E 00 

8.72E-02 

5.16E-01 

1.01E-03 

L 6 9 E  4 3  

4.85E 00 

LIVER 

8. 84E-0 1 

2 82E-04 

1.01 E - 0  1 

2.58E 00 

2.92E-01 

4 16 E-08 

9 . l lE -03  

6.19 E-02 

2.22E-02 

7.86E-02 

1.27E 00 

7.20E-02 

2.08E-0 1 

4 97E-0 1 

4.39E-0 1 

9.10E-02 

5 9 6 5 0 2  

9.00E-02 

2 4 1 E- 0 1 

1.49E 00 

8.39E-02 

4.96E-01 

9.65 E-04 

2.55E-03 

4.53E 00 

LUNGS 

9 53E-01 

3 l4E-04 

1.08E-01 

2.77E 00 

3.16E-01 

3 39E-06 

1 .OOE-02 

b .83E-02 

2.44 E-02 

8.55 E-02 

1.35E 00 

7.94E-02 

2.25E-01 

5.37E-01 

4.72E-01 

9.98E-02 

6 57E-02 

9.89E-02 

2 6 lE-01 

1.59E 00 

9.24E-02 

5.34E-01 

1 .Ob€-03 

2.72E-03 

4.75E 00 

. M4RSOW 

1.16E 00 

5.54E-04 

1.27E-01 

3 .23E 00 

6.31E-01 

2.03E-06 

1 77E-02 

1.19E-01 

3.%E-02 

I .  23E-01 

1 .5 lE  00 

I .  39E-01 

3.02E-01 

6.87E-01 

5.64E-01 

1.49E-01 

1.15E-01 

1.55E-01 

3.42E-01 

1.8OE 00 

1.56E-01 

6.63E-01 

1. 87E-03 

2.93 E-03 

4.9SE 00 

RED 
MA? R ow 

9.76 E-0  1 

1-85 E -04  

I. 11E-O 1 

2.83E 00 

2.85E-0 1 

1-11 E-0 6 

6.10E-03 

4.48E-02 

1.8 8 E-0  2 

7.4 5 E -0 2 

1.35E 00 

5.04 E-0 2 

2.24E-01 

5 3 3E-0 1 

4.86E-01 

9. Le E-02 

4.16E-02 

8.3 1 E-02 

2.64E-0 1 

1.00E 00 

6.58E-02 

5.27E-0 1 

6.70E-04 

2. T6E-0 3 

4.8tE 00 

O V A R l  ES 

8.26'2-01 

2 3 1 E- Ol 

9. 49E-02 

2.46E 00 

2.65E-01 

1-68E-06 

7.45E-03 

5.1lE-02 

1.88E-02 

6.96E-02 

1.18E 00 

5.92E-02 

1.86E-01 

4.57E-01 

4.14E-01 

7.87E-02 

4.90E-02 

7.72E-02 

2.17E-01 

1.41E 00 

6 99E-02 

4.64E-01 

7.92E-09 

2.48E-03 

4.08E 00 

e 4YCREAS 

7.62E-01 

1 85E-06 

8.73E-02 

2.2ZE 00 

2.34E-01 

2. SO€-06 

6.01 e-03  

4.26E-02 

1 66E-02 

6.19E-02 

1 .09~ oa 

4.87E-02 

1 76E-0 1 

6.ZOE-0 1 

3. 78E-01 

7.49E-02 

4.0 ZE-0 2 

7.OTE-02 

2.06E-01 

1.28E 00 

6.01F-02 

4.18E-01 

6.50E-04 

2.20€-03 

3.96E 00 

SKELETON 

1*18E 00 

5. TZE-04 

1.30E-01 

3.28E 00 

4.40E-0 1 

5.50E-06 

I .  8 2E-02 

1.22E-01 

4.07E-02 

1.26E-01 

1.54E 00 

1.63E-01 

3.08E-01 

6.99E-01 

5. T3E-01 

1.53E-01 

1.18E-01 

1.59E-01 

3.49E-01 

1.83E 00 

1.60E-0 1 

6.75E-01 

1.92E-03 

2.98E-03 

5.03E 00 



PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS 
I N  SV/YR PER BP/(CUBIC CMt 

NUCLIOE 

IR-192 

19-193Y 

I R - 1 9 4  

1R-194Y 

PT-191 

PT-193 

PT-193Y 

PT-195Y 

P T - I ~ ~  

P T - L ~ T Y  

AU-194 

411-195 

4 U- 19 5 M 

bU-196 

AU-198 

nu-199 

HG- 19 7 

HG- i 9 r ~  

H G 2 0 3  

TL-200 . 

TL-20 1 

TL-20 2 

TL-204 

TL-207 * 

TL-208 

HALF-LIFE 

1 4 . 0 2  o 

11.9 0 

19.15 H 

in o 

2 - 7 1  0 

50 Y 

4.33 0 

4.02 0 

18.3 H 

94 .4  H 

39.5 H 

1 8 3  0 

30.6 S 

6.183 0 

2.696 0 

3 . 1 3 9  0 

64.14 H 

23.8 H 

46.60 0 

26.1  H 

13.06 H 

12.23 0 

3.179 v 

4 . 7 ~  M 

3.053 M 

SUI N 

1 .4% 00 

1.25E-03 

1 . 6 5 E 4 1  

4.25E 0 0  

5.02E-01 

r . 1 5 ~ - 0 4  

1. 80E-02 

I. irE-01 

3.94E-02 

1.38E -0 1 

2.03E 0 0  

1.35E+1 

3.44E-0 1 

8.28E-01 

r . 2 2 ~ 4 1  

1.5ZE-01 

1 . 1 1 E 4 1  

1.5%-01 

3.9 7E -0 1 

2.43E 00 

1.51E-01 

8.27E-0 1 

1.80E-03 

4.1IE*3 

6.93E 00 

SPLEEN 

8.69E-01 

2.54E-04 

9.90E-02 

2.52E 00 

2.80 F-01 

9 .66~-01  

8.25E-03 

5. ri E-02 

2.1 1E-0.2 

r .  526-02 

1.22E 00 

6 59  E- 0 2 

2 0 5  E-0  1 

* . a r ~ - o i  
4.31E-01 

9.00E-02 

5 46  E-02 

8.75F-02 

2.38E-01 

1.45E 00 

7.86E-02 

4.82E-01 

8.83E-04 

2 47  E-03 

4.35E 00 

STOMACH 

8 . 7 3 ~ - 0 1  

2.6lE-04 

9.96E-02 

Z.55E 00 

2.83E-01 

8 .  ~ E - O T  

8 4 7E-03 

5.83E-02 

2 13E-02 

r .  5 9 ~ - 0 2  

1.24E 00 

6 .  TIE-02 

2 -04E-01 

4.88E-01 

4.33E-01 

8.95E-02 

5 58E-02 

8 .  r 6 ~ - 0 2  

2.38E-01 

1.46E 00 

r . 9 7 ~ - 0 2  

+ . 8 r ~ - o i  

9 0 3 E - O I  

2.52E-03 

4.47E 00 

FOR IMMERSION I N  CONTAHINATEO, A I 9  

TESTES. 

1.29E 00 

5.2QE-04 

1.45E-01 

3.72E 00 

4.40E-01 

3.11E-05 

I .  m - 0 2  

1.OSE-01 

3.58E-02 

1.22E-0 1 

1 . 1 9 ~  00 

1 23E-01 

3.09E-01 

T . ~ ~ E - O L  

6.36E-01 

1 40E-0 1 

1.01 E-01 

1 42E-01 

3.56E-01 

2.12E 00 

1.38 E-0 1 

r .  3 0 ~ - 0 1  

1.63E-03 

3; 60E-03 

6.20E 00 

THY MUS. 

~ . ~ G E - o  I 

3. rr E-04 

1.12 E-0 1 

2.84E 00 

3.40E-0 1 

7.15 E-1 0 

1.2 1 E-0 2 

8.08 E-0 2 

z .TrE-02 

9.32 E-02 

1.40E 00 

9. ~r E-o 2 

2 3 5E-0 1 

5.56 E - 0  1 

4.80E-0 1 

1.07E-0 1 

1.83 E-02 

1 0 9  E-0 1 

2.7OE-01 

1.6'1~ 0 0  

i .orE-o L 

5 52  E-0 1 

1.27E-03 

2.8 7 E-0 3 

4.85E 00 

, . .  

THYRI) IO 

l . Z O E  00 

4.62E-04 

1. ~ T E - O I  

3.48E 00 

4.24E-01 

i .14E-06 

1 54E-02 

1.03E-01 

3.5 2E- 02 

1. LrE-oi 
1.68E 00 

1.2LE-01 

2.94E-01 

6 . 9 l E - 0 1  

5.91 E- 01 

1 .3 r~ -o i  

~ . ~ T E - O Z  

1.39E-01 

3.38E-01 

2.01E 00 

1.36E-01 

6 . . 8 Z E t  01 

1.62E-03 

3.44E-03 

5.65E 00 

UTERUS 

r . 7 7 ~ - 0 1  

2.20E-04 

8.89E-02 

2.266 00 

2 48E-01 

3.12E-10 

r .  L ~ E - O ~  

4. ~ ~ - 0 2  

1 86E-02 

6 66E-02 

1 . I Z E  0 3  

5. ~ ~ E - O Z  

1.8ZE-01 

4.34E-01 

3.85E-01 

7.95E-02 

4. r r ~ - 0 2  

r .  1 0 ~ 0 2  

2. LZE-01 

1.31E 00 

6.90E-02 

4.31C-01 

r .  r 3 ~ - 0 i  

2 22E-03 

4.06E 00 

TO'AL 
BODY 

1.02E 00 

4.0+€-04 

1.16E-01 

2.97E 00 

3. ~ ~ E - O L  

4.28E-05 

1.16E-02 

r .  e4E-o~  
2.73E-02 

9.46F-02 

1.44E 00 

9.14F-02 

2.44E-01 

5.8iE-oi 

5.06E-01 

1.09E-0 1 

r . 5 2 ~ - 0 2  

1.09E-01 

2.81E-01 

1.7OE 00 

1.04E-01 

s . r r ~ - o i  
1.22E-03 

2.90E-03 

5eOZE 00 



PWJT@4 OOSEd4TE CONVERSlON FACTQRS FOa VARIOUS ORG4NS FOR IMMERSION IN COhn4WtYATEO A I R  
IN S V I Y S  PER eaI(cueIc CCI 

NUCLI DE 

TL-209 

'L-210 

09-263 

P8-204'4 

~ e - 2 0 5  

00-209 

P0-210 

P8-211 

0e-212 

P0-214 

81-206 

01-20? 

8 1-208 

81-210 

81-211 

8 1-21 2 

81-213 

~ r - 2 ~ 4  

PO-209 

pn-210 

PO-21 1 

PO-212 

09-213 

WJ-2 14 

PC-2 15 

HALF-LIFE 

2.20 H 

1.30 Y 

52.02 H 

66.9 M 

1 .5 lE7 r 
3.253 n 

22.26 Y 

36.1 M 

10.643 H 

26.8 M 

6.2*3 0 

33.4 Y 

3.6865 Y 

5.013 0 

2.13 H 

60.55 H 

45.65 M 

19.9 M 

LO2 Y 

138.370 0 

0.516 5 

2.90E-T S 

4.2E-b 5 

1.637E-4 S 

1.778E-3 S 

AOREN ALS 

2.50E 00 

3.40E 0 0  

3.31E-01 

2.52E 00 

5 . 8 8 E d 6  

0.0 

8.80E-04 

6 . 0 7 E 4 2  

1 63E -0 1 

2.85E-01 

3.93E 00 

1.83E 00 

3.55E 00 

0.0 

5.46E-02 

2 .2 lE -01  

1 .61E-01 

!.85E 00 

4.09E -0 3 

1.03E -0 5 

9.35E-03 

0.0 

3.70E-05 

1.01E-04 

1.73E-04 

BLADOEP 

2049E 00 

3.36E 00 

3.lZF-01 

2.436 00 

2.76E-12 

0.0 

1 15E-03 

4.8OE-02 

1.52E-01 

2 66E-01 

3.84E 00 

1.78E 00 

3.686 00 

0.0 

5.09E-02 

2.17E-01 

1 52E-0 1 

1 . 8 4 ~  00 

3.92 E-03 

9.976-06 

9.00E-03 

0.0 

3 . 5 6 F O S  

9.16 E-05 

1.63E-04 

B R A I Y  

2.79E 00 

3.76E 00 

3 346-01 

2.73E 00 

4.85E-07 

0.0 

8 26E-04 

6 .4TE-OZ 

1.62E-01 

2.90E-01 

4.30E 00 

1.99E 00 

4.07E 00 

0 .o 

5 5.6 Ea02 

2.436-01 

1.69E-01 

2.07E 00 

4.34E-03 

1 12E-05 

1 . O l E - 0 2  

0.0 

4.00E-05 

1.10E-04 

1.81 E-04 

BREAST 

3.21E 00 

4.28E 00 

4.93E-01 

3.12E 00 

4.3 LE-04 

0.9 

3.34E-03 

7.50E-02 

2.45€-01 

3 87 E-0 1 

4.95E 00 

2.30E 00 

4.65E 00 

0.0 

7. 29E-02 

2.74E-01 

2.08E-01 

2.31E 00 

5.34E-03 

1.26 E-05 

1.15E-02 

0.0 

4.52E-05 

1.24E-04 

2 2 1 E-04 

HE ART 

2.46E 00 

3.33E 00 

3.OOE-01 

2.40E 00 

7.85E-0.7 

0.0 

7.4 1 E-04 

5 6 9  E-0 2 

1 4TE-0 1 

2.58E-01 

3.78E 00 

1.75E 00 

3.69E 00 

0.0 

4.95E-02 

2.14E-0 1 

1 &9E-0 1 

1.83E 00 

3.84E-03 

9 .e3~-06  

8.06 E-0 3 

0 .o 

3.51 E-05 

9.62E-05 

1.59E-04 

SHAL I 
INTESTINE 

2.27E 00 

3.06E 00 

2.68E-01 

2.17E 00 

1.23E-08 

0.0 

7.SOE-04 

5.14E-02 

1.31E-01 

2.32E-01 

3.4CE 00 

1.59E 00 

3.46E 00 

0.0 

4.44E-02 

1.95E- 01 

1. 34E- 01 

1.68E 00 

3.47 E- 03 

e. 8 9 ~ - 0 b  

0.02E-03 

0.0 

3.17E-05 

8. TOE-05 

1.43E-W 

UPPER 
LARGE 

IYTEST I YF 

2.6tE 00 

3.54E 00 

3.18E-01 

2.55E 00 

I .  o+oe 

0.0 

9.32F-04 

6.05E-02 

1.56E-01 

2. T4E-01 

4.02E 00 

1.86E 00 

3.91E 00 

0.0 

5.24E-02 

2.27E-01 

1.58E-01 

1.94E 00 

4.08E-03 

I .  05E-05 

9.42E-03 

0.0 

3.73E -05 

1.02E-04 

1 b9E-06 

LOWER 
L AQGE 

I Y f  E S T  I N €  

2.12E 00 

3.27E 00 

2.95E-01 

2.35E 00 

2.48E-Ob 

0 . 0  

7. ~ ~ - 0 4  

5.58E-02 

I.  '5 E-0 1 

2.55E-01 

3.71E 00 

L l i f  00 

3.63E 00 

0.0 

4.89E-02 

2. D 9 E - 0  1 

1.4bE-01 

1.79E 00 

3. IT€ -03  

9.61 E-06 

8.61E-03 

0.0 

3.43E-05 

9.4lE-05 

1.5TE-04 

4 

10 
P 



PHOTON DOSE-RATE COWERSION FACTOQS FOR VaQITJUS ORGINS FOR IMMERSION I N  CONTAMINATE0 A I R  
IN SVIYR PER B o / ( c u e i c  CCI 

NUCLI oc 

'L-209 

71-210 

De-203 

P0-204Y 

P0-205 

PB-209 

P0-210 

oe-211 

09-212 

PB-214 

81-206 

91-20? 

01-208 

er-210 

51-21 1 

91-212 

91-213 

91-214 

PO-209 

PO-210 

PO-21 1 

PO-21 2 

PO-21 3 

P@-214 

PC-2 15 

HALF-LI FE 

2.20 Y 

1.30 Y 

52 .02  H 

66.9 M 

1.51E7 Y 

3.253 H 

22.26 Y 

36.1 Y 

10.643 H 

26.8 H 

6.243 0 

33.4  Y 

3.68E5 Y 

5.013 0 

2.13 M 

60.'55 M 

45 .65  M 

19.9 M 

LO2 Y 

138.318 0 

0.516 S 

2.98E-7 S 

4.2E-6 S 

1.631E-4 S 

1.718E-3 S 

KlO?4EYS 

2.6ZE 00 

3.5% 00 

3.2ZE-01 

2.54E 00 

9.66E-09 

0.0 

1.36E-03 

6.04E-02 

1.51E -0 1 

2.15E-0 1 

4.02E 00 

1..86E 00 

3.99E 00  

0.0 

5.25E-O 2 

2 .21E-01 

1.58E-01 

1.94E 00 

4 09E -0 3 

1 0 4 E d  5 

9.4OE-03 

0.0 

3.72E-05 

1.02E-0 4 

1.69E-04 

L I V E P  

2.49E 00 

3.36E 00 

3.1lE-01 

2.42E 00 

6 8 1 E-08 

0.0 

1.OZE-03 

5.76 E-02 

1.52F-01 

2 65E-0 I 

3.83E 00 

?.77E 00 

3.11E 00 

0.0 

5 .OM-02 

2.16E-01 

1.52 E-01 

1.84E 00 

3.90E-03 

9.90E-06 

8 95  E-03 

0.0 

3.54 E- 0 5  

9.69E-05 

1.62E-04 

LUNGS 

2.64E 00 

3.56E 00 

3.37E-01 

2.58E 00 

4.74E-06 

0.0 

1. 14E-03 

6 .  11E-02 

1.65E-01 

2 86E-01 

.4.08E 00 

1.89E 00 

3.87E 00 

0.0 

5.46E-02 

2.29E-01 

1 e63E-01 

1.95E 00 

.4.18E-03 

I 06 E-05 

9 56E-03 

0 .o 

3.78E-05 

1 04E-04 

I .  14E-04 

MARROW 

2.08E 00 

3.83E 00 

4.65E-OL 

2.84E 00 

3.01 E-06 

0.0 

2.06E-03 

C.91E-02 

2.32E-01 

3.63E-01 

4.49E 00 

2.09E .OO 

3.91E 00 

0.0 

6.82E-02 

2 .41  E-0 1 

1.93E-01 

2.06E 00 

4.92E-03 

1. l 5 E - 0 5  

1.05 E-02 

0.0 

4. 13E-05 

1.13E-04 

2 06 E-04 

F EO 
M4 R F. OW 

2.65E 00 

3.61E 00 

3 2 0  E-0 1 

2.62E 0 0  

1-56 E-06 

0.0 

5 2 0 E-04 

6.29E-02 

1 58E-0 1 

2.88E-0 1 

4.11E 00 

I.9OE 0 0  

3.95E 00 

0.0 

5 . 5 1  E-02 

2.33E-0 1 

1.6bE-01 

1.97E 00 

4.16E-0 3 

1.0 7 E-0 5 

9 .  ?l E-03 

0.0 

3 8 4E-0 5 

1 05 E-0 4 

1.79E-04 

O V A R I  ES 

2 - 3 3 E  00 

3.15E 00 

2. ??E- 01 

2.33E 00 

2.35E-06 

0.0 

0.28E-00 

5.54E-02 

1.34E-01 

Z 43E-01 

3.65E 00 

1.70E 00 

3.28E 00 

0.0 

4.68E-02 

2.06E-01 

I .44E-01 

1.13E 00 

3 68E-03 

9.63E-06 

8.67E-03 

0.0 

3.44E-05 

9.43E-05 

1.54E-04 

0 4NCq E A S  

2.15E 00 

2.91F 00 

2 . m - 0  1 

2.09E 00 

3.45E-Of 

0.0 

5.84E-04 

+.WE-02 

1.26E-01 

2.26E-01 

3.29E 00 

1.52E 00 

3.25E 03 

0.0 

4.34E-02 

1.86E-01 

1.30E-0 I 

1.60E 03 

3 3 3E-03 

8.54E-06 

7. 12E-03 

0.0 

3 05E-05 

8.36E-05 

1. 40E-04 

SKELETON 

2.93E 00 

3.89E 00 

4.75E-01 

2.89E 00 

1. b9E-06 

0.0 

2.1 I E-03 

7.09E-02 

2.37E-01 

3. T O E - 0 1  

4.51E 00 

2.13E 00 

4.04E 00 

0.0 

6.94E-02 

2.51E-01 

1.96E-01 

2.1OE 00 

5.0 1 E-03 

1 . l l E - 0 5  

1.01E-02 

0.0 

4.19E-05 

1 15E-04 

2.09E-04 
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PHOT04 DOSE-RATE CONVERSION 'FACTORS ,FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAMINATE0 A19 
I N  SV/YR PER BQ/(CUBIC CUI 

TOTAL 
NUCLIDE HALF-L I FE S K I  h: SPLEEN STOMACH TESTES THYMUS THYROID UTERUS 90DY 

TL-209 2 . 2 0  M 3.96E 00 2.41E 00 2.43E 00 3.48E 00 2.14E 00 3.2TE 00 2.22E 03 2.81E 00 

TL-2 LO 1.30 M 5.34E 00 3.24F 00 3.30E 00 4.68E 00 3.70E 00 4.39E 00 2.9TE 00 3.18E 00 

PB-203 

PB-204Y 

P8-205 

PB-209 

PS-210 

09-21 1 

08-212 

P9-2 14 

91-206 

9 1-20 7 

9 1-208 

"?-210 

@ I - 2 1 1  

B ! - Z l t  

81-213 

81-214 

PO-209 

P0-2LO 

PC-21 I 

52.02 H 

66 .9  Y 

1.51ET Y 

3.253 H 

22.26 Y 

3 6 . 1  M 

10.643 H 

26.0  M 

6 .243 0 

33.4 Y 

3.68E5 Y 

5.013 0 

2.13 H 

60.55 M 

45 .65  M 

19.9 Y 

102 Y 

138.378 0 

0.516 S 

5 .22E-01 

3.95E 00  

9.03E-04 

0.0 

3. TEE-03 

9 .46E-02 

2 .53E-01 

4.3TE-01 

6.2OE 00 

2.89E 00 

5.58E 00 

0.0 

8.34E-02 

3 . 4 9 E - 0 1  

2.5OE -0 1 

2.92E 00 

b .41E -03 

1.62E-0 5 

1.47E-0 2 

3.03E-01 

2.35E 00 

1.39F-06 

0.0 

8 a43E-04 

5.61 E-0 2 

1.49E-01 

2. COE-01 

3.TOE 00 

1.12E 00 

3.5'5E 00 

0.0 

4.98E-02 

2.09E-01 

1.48 E-0 1 

1.78E 00 

3.79E-03 

9.6lE-06 

8.69E-03 

3.04€-0! 

2.39E 00 

1 2 7 E-06 

0.0 

9.04E-04 

5.69E-0 2 

1.49E-0 1 

2.6 LE-01 

3.76E 00 

1.74E 00 

3.66E 00 

0 .o 

4 99E-02 

2.1 ZE-01 

1.49E-01 

1.8OE 00 

J.85E-03 

9.80E-Ob 

8.84E-03 

4.69E-01 

3.43E 00 

4.24E-05 

0.0 

2 25 E-03 

8.24E-02 

. .  

2.29E-01 

3.89E-01 

5.41E 00 

2.51E 00 

5.02E 00 

0.0 

7 .4 lE-02 

3.03 E-0 1 

2.2OE-01 

2.55E 00 

5.62E-03 

'1.4OE-05 

1.27E-02 

3.58E-01 

2.71E 00 

1 5 1 E-09 

0.0 

1.5 1 E-03 

6. QO E-0 2 

1.75E-01 

2 9 5  E -0 1 

4.26E 00 

1.98E 00 

3.95E 00 

0.0 

5.59E-02 

2.39 E-0 1 

1 66 E-0 1 

2.02E 00 

4 .42  E-03 

1 . l l E - 0 5  

9.9TE-03 

3.19E-06 

0.0 

1.9TE-03 

7.76E-02 

2 .21  E-01 

3.67E-01 

5.11E 00 

2.38E 00 

G.55E 00 

0.0 

6.94E-02 

2.8bE-01 

2.04E-01 

2.39E 00 

5.37E- 03 

l e 3 3 E - 0 5  

1.2OE-02 

2. TOE-01 

2.11E 00 

3 9TE-10 

0.0 

6.93E-04 

5.03E-02 

1 33E-0 1 

2.32E-01 

. .  . .  

3.36E 00 

1.55F 00 

3.34E 00 

0.0 

4.45E-02 

1. 9OE-01 

le33E-01 

1.64E 00 

3 .4OE-03 

8.61F-06 

7. WE-03 

3.6TF-01 

2.15E 00 

5. TOE-05 

0 . 3  

1.60E-03 

6.59E-02 

1. 8OE-01 

3.08E-01 

4.34E 00 

2.02E 00 

4.08E 00 

0.0 

5.8TE-02 

2.44F-01 

1. TSE-01 

2.07E 00 

4.48E-03 

1. l3E-05 

1.02E-02 

PO-212 2.98E-7 S 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

PO-21 3 4.2E-b S 5 .80E-05 3.43F-05 3.50E-05 5.02E-05 3.96E-05 4.76E-05 3.OTc-05 4.03E-05 

PO-214 1.637E-4 S 1 .59E-04 9.41E-05 9.59E-05 1.37E-04 1.09E-04 1.30E-OQ 8.43E-05 1. lOE-04 

P@-215 l .TT8E-3  S 2 .67E-04 1.59E-04 1.60E-04 2.35E-04 1.77E-04 2. lTE-04 l .42E-Ol  1.8TE-04 



PHOTON DOSE-RATE CONVERSION FACTORS FOR V4RIOUS ORGANS FOR IMMERSION I N  CONTAMINATE0 A I R  
I N  S V t Y Q  PER BQ/(CUBTC CMV 

YUCLI OE 

PC-216 

PO-218 

ST-21 1 

AT-21 T 

QN-21 8 

9N-219 

RN-220 

QY-22 2 

FR-22 1 

69-22 3 

R4-222 

Q 4-223 

Q 8-224 

96-225 

RA-226 

R 11-228 

4C-225 

4c-22T 

AC-228 

TU-226 

l e 2 2 7  

TH-228 

TH-2.29 

TU-230 

TH-231 

HALF-L I FE 

0.146 s 
3.05 M 

T.214 Y 

0.0323 S 

0.035 5 

3.96 s 
55.61 5 

3.8235 0 

4.8 n 

21.8 n 

38.0 5 

11.434 0 

3.62 0 

14.8 0 

1600 r 
5.75 Y 

10.0 0 

21.773 Y 

6.13 H 

30.9 n 

18.718 D 

1.9132 Y 

T.34E3 Y 

7.TE4 Y 

25.52 H 

AOREYALS 

1.76E-05 

0.0 

3.49E - 0 2  

2.81E-OQ 

8.97E -04  

6.63E-02 

6.13E-04 

4.53E-04 

3.5 LE-0 2 

4.56E-02 

L.OTE-02 

1.45E-01 

1.15E-02 

4.08E-03 

1.61E-03 

6.22E-12 

1 40E-02 
' _  

1.25E-04 

1.11E 00  

8.39E-03 

1. lTE-01 

2.00E-03 

8.76E-02 

3.43E-04 

I . O S E - 0 2  

B LA DOER 

1.7OE-05 

0.0 

3.59E-02 

2.68E-04 

8.56F-04 

e. 1%-02 

5.83E-04 

4.30E-04 

3 m22F-02 

4.59F-02 

9.86F-03 

1.38E-0 1 

1.06E-02 

5.98E-03 

6.99E-03 

1.12E- 18 

1 34 E- 0 2 
, . ,  

l t  lTE-04 

1.08E 00 

7.86E-03 

1 09E-0 1 

1.92E-03 

8.46 E-02 

3046E-04 

1.OSE-02 

W A I N  

1.91E-05 

0.0 

3.6TE-02 

3.00E-04 

9.58E-04 

6.71E-02 

6.5 1 E-04 

4.80E-04 

3.44E-02 

4.65E-02 

1.08E-02 

1.47E-01 

1.14E-02 

3 3 6 E-03 

T .45E-03 

4.96E-13 

1 .SlE-02 . .  < 

1.24E-0+ 

1.21E 00 

8.35E-03 

_ .  

1 17E-01 

2.01E-03 

8.83E-02 

3.49E-04 

1 e 06E-02 

0REAST 

2.lSE-05 

0.0 

6.90E-02 

3.50E-04 

1.llE-03 

8.90E-02 

7.6TE-04 

5. T lE -04  

5. l lE-02 

8.35 E-02 

1 42 E-02 

2.25E-01 

1.63E-02 

l o  66 E-02 

1.15E-02 

4.87E-10 

2. 44E-0 2 

2.53E-04 

1.39E 00 

. .  . 

I .  38E-02 

1. TOE-01 

3 71 E-03 

1.57E-01 

9.12E-04 

2 .48 E-02 

HE ART 

1.6T E-0 5 

0.0 

3.3 1 E -02 

2.63E-04 

8.39 € 4 4 .  

5.99E-02 

5.11 E-04 

4.21E-04 

3.13E-02 

4.1TE-02 

9 6 2 E-0 3 

1.33E-01 

1.03E-02 

3. 10E-03 

6.8 1 E-0 3 

8.lOE-13 

1 2 9 E -0 2 

1.15E-04 

1.OTE 00 

T.64E-0 3 

1.05E-01 

1.83 E-0  3 

8.0TE-02 

3.14E-04 

9.65E-03 

SYAL L 
TNTEST I Y E  

1.5LE-05 

0.0 

2.92E-02 

2.3TE-04 

T.56E-06 

5.3TE-02 

5.14E-06 

3.78E-04 

2.80E-02 

3. T6E-02 

8.63E- 03 

1. ? 8 E -  01 

9.2OE-03 

3.42E-03 

6.04E-03 

1 OS€- 14 

1 13E-02 

9.90E-05 

9. T3E-01 

6.69E - 03 

9.42E-02 

I 61 E-03 

7 0 TE- 02 

2.81E-06 

0.45E-03 

UPPER 
L41 GE 

I Y TFS 1 T Y E  

1. T8E-05 

0.0 

3.53E-02 

2.79E-04 

8.92E-04 

6.34F-02 

6.06E-04 

4.46E-04 

3 32F-0 2 

4. 5lE-02 

1.02E-02 

1.4 1E-0 I 

I .  09E-02 

4.6OE-0 3 

7.23E-03 

1.54F-14 

1.38E-OZ 

1.23E-04 

1.14E 00 

8.18E-03 

1.12E-01 

1 95E-03 

8.66E-0 2 

3.35E-Ob 

1 06E-02 

LOWER 
LARGE 

I Y T E S T  I NE 

1.64F-05 

0.0 

3. L6E-02 

2.58E-04 

8.21E-04 

5.92€-02 

5.59E-04 

4.12E-04 

3.11E-02 

4. 10E-02 

9.52E-03 

1.30E-01 

1.02E-02 

3.53E-03 

6.74E-03 

2.55E-12 

1.2SE-02 

1. 12E-04 

?.OS€ 00 

T.4TE-03 

1.04E-01 

1. T8E-03 

T.83E-02 

3.06E-04 

9.3TE-03 



PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAMINATE0 A19 
I N  SV/YQ PER RQ/(CUBIC CCB 

NUCLIOE 

PO-216 

PO-2 18 

AT-21 1 

AT-217 

9N-218 

QN-219 

RN-220 

QN-222 

FR-22 1 

FQ-223 

Q 4-222 

RA-223 

RA-224 

P A-22 5 

RA-226 

((4-228 

AC-225 

SC-22 7 

4C-228 

TU-226 

TU-227 

TU-228 

TH-229 

TU-230 

in-23 I 

HALF-LIFE 

0.14b s 
3.05 M 

1.214 H 

0.0323 S 

0.035 S 

3.96 S 

55.61 S 

3.8235 0 

4.8 M 

21.8 M 

38.0 S 

11.434 0 

3.62 0 

14.8 0 

1600 Y 

5.75 Y 

10.0 0 

21.773 Y 

6.13 n 

30.9 M 

18.718 0 

1.9132 V 

7.34E3 Y 

7.7w Y 

25.52 H 

KIDNEYS 

1.78E-05 

0.0 

3.68E - 0 2  

2.79E-04 

8.90E-04 

6.35E-02 

6.06E -04 

4.46E-04 

3.32E-02 

4.85E-02 

L.OZE-02 

?.41E-01 

1. 09E -02  

7.75E-03 

7.16E-03 

7.46E-15 

1.37E-02 

1.19E -04 

1.13E 00 

8.02E-03 

1.12E-OL 

1.97E-03 

8 . 6 6 E d 2  

3.59E-04 

l . IOE-02 

LIVER 

leb9E-05 

0.0 

3.57E-02 

2.blE-Q4 

8 50E-04 

6. 12F-02 

5.80E-01 

4.28E-04 

3.21E-02 

4. 51E-02 

9 82E-03 

1.37E-01 

1 05 E-02 

4.84F-03 

6.97E-03 

6 .05 E- 14 

1 33 E-02 

1.17E-04 

1.08E 00 

7.83E-03 

1.08E-01 

1.92E-03 

8.42 E-02 

3 43E-04 

I .03E-02 

LUNGS 

1 80E-05 

0.0 

3 9 3E-02 

2 8,6E-04. 

9. I LE-04 

6 -6  LE-02 

6 22E-04 

. ,  

. .  

4.59E-04 

3 49E-02 

4.95E-02 

1 06E-02 

1 SO€-O? 

1 14E-02 

5.40E-03 

7.61 E-03 

4.92E-12 

1.67E-02 

1 30E-04 

l .15E 00 

8.6 2E-03 

1. 18E-01 

2 11E-0 3 

9.29E-0 2 

3 826-04 

1 LIE-02 

HARQOW 

1.%E-05 

0.0 

6.66E-02, 

3.22E-04 

1.02 E-03 

8.34E-02 

7.08E-04 

5.29E-04 

4. 84E-02 

7.42E-02 

1.33 E-02 

2. ?5E-01 

1.53E-02 

9.60E-03 

1.09E-02 

2.95E-12 

2.30E-02 

2.08E-04 

1.26E 00 

1.31 E-0 2 

1.59E-01 

3.32E-03 

1.49E-01 

6.31E-04 

I .  96 E-02 

PED 
I44 P. R OW 

1.8 3 E-0 5 

0.0 

2.T6E-02 

2.92 E-04 

9.30 E-04 

6.75E-02 

6.36E-04 

4. TOE-04 

3 e 4 5  E-0 2 

4.03 E-0 2 

l.09E-02 

1.37E-01 

1. 15E-02 

2.2 5 E-0 3 

7.33E-03 

1 6 1 E- 12 

1.24E-02 

1mLOE-04 

1.1bE 00 

7.68 E-0 3 

1.16E-0 1 

I 76 E-0 3 

7.58E-02 

2 75 E-04 

8.29 E-03 

OV AQ I ES 

1.64E-05 

0.0 

2.99E- 02 

2.586-04. 

8.23E-01 

5.63E-02 

5.596-04 

* e l l € - 0 4  

2.83E-02 

3.95E-02 

9.03E-03 

l .tlE-01 

9.37E-03 

3.92E-03 

6.07E-03 

2 44E- L2 

1.15E-02 

1.OLE-04 

1.03E 00 

6.80E-03 

9.69E-02 

I .  64E- 03 

7.19E-OZ 

2.89E-04 

8.78E-03 

p ANCP E A S 

1 46E-0 S 

0.0 

2.56E-02 

2.,30E-OC 

7.32E-04 

5.26E-02 

1.99E -01 

3.68E-04 

2.72E-02 

3.45E-02 

8.47E-03 

I.12E-01 

9.OlE-03 

2.63E-03 

5 .  WE-03 

3.63E-12 

I .  06E-02 

9.44E-05 

9.31E-0 1 

6.39E-03 

9.16E-02 

1. 50E-03 

6.56E-02 

2.51E-04 

7.65E-03 

SKELETON 

1.99E-05 

0.0 

6.84E-02 

3.27.E-04 

1.04E-03 

8.49E-02 

r. ~ O E - O ~  

5.37E-04 

4.95E-02 

7.6 OE -0 2 

1 3 b E -02 

2.2OE-01 

1.57E-02 

9.79E-03 

1. 12E-02 

r. 9 8 ~ - i i  

2.37E-02 

2. L5E-04 

l.28E 00 

1.35E-02 

1.62F-0 1 

3.4 I E-03 

1.53E-01 

6.5lE-04 

2.02E-02 



PHOTON OOSE-RATE CrJWERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAMINATE0 A1R 
IN s v m s  PER eoi(cu81c CUI 

YUCL I DE 

PO-216 

PP-218 

AT-21 1 

n - 2 1 ~  

RN-218 

9N-219 

QN-220 

9u-222 

Fa-22 1 

F9-223 

QA-222 

RA-223 

-4-224 

R11-225 

R A-22 6 

RA-228 

AC-225 

At-221 

AC-228 

TH-22 6 

TH-227 

TH-228 

TM-229 

TH-230 

TH-231 

HALF-LIFE 

0.146 S 

3.05 H 

7.214 H 

0.0323 S 

0.035 S 

3.96 S 

55.61 S 

3.8235 0 

4.8 H 

21.8 H 

38.0 S 

11.434 0 

3.62 0 

14.8 0 

1600 Y 

5.15 Y 

10.0 0 

2 i . m  ,Y 

6.13 H 
, 

30.9 M 

18.718 D 

1.9132 Y 

1 . 3 4 ~ 3  Y 

7.7E4 Y 

25.52 n 

SKIN 

2.76E-05 

0.0 

6 . 3 r ~ - 0 2  

4.39E-04 

1 40E-03 

1.01E-01 

9.55E-0* 

7.05E-04 

5.30E -02  

8 . 5 3 E 4 2  

I e 6  l E - 0  2 

2.3lE-01 

L . ~ J E - O Z  

1 . 7 2 E 4 2  

1.15E-02 

1 04E -09 

2.37'2-02 

2.71E-O4 

1.T5E 00 

1.35E-02 

1.83E-O I 

3 . 1 9 ~ 3  

1 .49E-0  1 

1.09E -03 

2.56E -02 

SPLEEN 

1 64E-05 

0.0 

3 .35E-02 

2.6OE-04 

8.2 8 E-04 

6.04E-02 

5 65 E-04 

4.18E-04 

3.18E-02 

4 . m - 0 2  

9.69E-03 

1 36F-0 1 

I .  04E-02 

3 80E-03 

6.93E-03 

I 4OF-12 

1.30E-02 

1,16E-04 

1.05E 00 
1 .  

r .  w - 0 3  

I-OIE-01 

1.86E-03 

8.19E-02 

3.23E-04 

9.89E-03 

STOMACH 

1 - 6 l E - 0 5  

0.0 

3 40E-02 

2.64E-04 

8.4 1E-04 

6.OIE-02 

5 .72~-04  

4.22E-04 

3. IT€-02 

4 33E-02 

9.69E-03 

1.34E-01 

I .04E-02 

4.18E-03 

6.87 E-03 

1.27E-12 

1.30E-02 

. I .  ... I6E;0.4 . 

1 .Ob€.  00 

7 ll E-03 

1 07E-01 

1 86 E-03 

8.20E-02 

~ ~ E - O Q  

1.00E-02 

TESTES 

2.39E-05 

0.0 

5. WE-Oi 

3.82E-04 

1.22E-03 

8.97E-02 

8.33 E-04 

6.16E-04 

4.81 E-02 

7.39E-02 

1.44 E-02 

2.09E-01 

I 56E-02 

1.21E-02 

1.OSE-02 

4.51E-11 

2.10E-02 

I 91,E-04 

1.52E 00 

1.22E-02 

1.63E-01 

- .  

3.OSE-03 

I 3+E-0 I 

6.01E-04 

1.84E-02 

THY MUS 

1.89 E-0 5 

0.0 

4.5bE-02 

2.94E-04 

9.38E-04 

6.78E-0 2 

6 35 E-0 4 

4.61 E-OS 

3.67E-02 

5 5 2 E-0 2 

I .  O8E-0 2 

1.60E-01 

I .  19E-02 

7 . 6 ~ ~ 0 3  

8. or E-o 3 

1.04E-15 

1.61E-09 

1 - 6 2 E ~ 0 4  

. l . t l E  00 

9 3 2 E -0 3 

. 

1.23E-01 

2 33 E-0 3 

I .03E-0 I 

4.37E-04 

1.31E-02 

W Y Q O I O  

2.ZTE-05 

0.0 

5.81 E-02 

3 . m - w  

1.14E-03 

8.13E-02 

1.74E-04 

S . ~ I E - M  

4.63 E- 02 

r .  0 2 ~ 0 2  

1.35E - 02 

2.02E-01 

1.49E-02 

1.OlE-02 

1.02E- 02 

3.11E-12 

2.07E-02 

I .  84E-06 

1.45E 00 

1.19E-02 

1.55E - 01 

2 98E- 03 

1.32E-01 

5.60E-04 

1 . m - 0 2  

UTEPUS 

1.47E-05 

0.0 

2.94E-02 

2 32E-04 

7.4OE-04 

5.39E-02 

5.06E-04 

3. r 4 ~ - 0 4  

2 e 8 3E-0 2 

3. r 2 ~ - 0 2  

8.666-03 

1.19E-01 

9.30E-03 

3 06s-03 

6 .  ME-03 

4. 54E-16 

1.14E-02 

I 0 I €  -04 

9.46E-01 

6.80E-03 

9.48E-02 

1 64E-03 

1. IT€-02 

2.82E-04 

8.48E-03 

TOTAL 
8 O O Y  

1.92E-05 

0.0 

4. Q3E-02 

3.06E-04 

9. r 3 ~ - 0 4  

T. l lE-02 

6.65E-04 

4.92E-04 

3. n e - 0 2  

5.63E-02 

1.lAE-02 

1. 63F-0 1 

1.23E-02 

8.16E-03 

8.2bE-03 

6.22E- 11 

1. C3E-02 

I SO€-04 

1.22E 00 

9 4 8E -0 3 

I. 28E-01 

2.3 7E-03 

I 03E-01 

4. 68E-04 

1.40E-02 



PnmoN DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION IN CONTA~IYATEO A I Q  
I N  SV/YP PER BO/ICUBIC C C #  

YUCLIOE 

VI-232 

TH-233 

TH-234 

?A-230 

-PA-231 

-PA-233 

04-234 

PA-234Y 

U-230 

U-231 

U-232 

U-233 

U-234 

U-235 

U-236 

u-231 

U-238 

U-239 . 

U-240 

NP-235 

NP-236 

NP-236Y 

NP-231 

NP-238 

NP-239 

HALF-LIFE 

1.405E10 Y 

22.3 W 

24.10 0 

17.4 0 

3.216E4 Y 

27.0 0 

6.10 n 

1.17 n 

20.8 0 

4.2 D 

72 Y 

1.592E5 Y 

2.445E5 Y 

T.038E8 Y 

2 . 3 4 1 5 ~ 7  Y 

6.15 0 

4.468E9 Y 

23.40 W 

14.1  n 

396.1 0 

1.15E6 Y 

22.5 n 

2.14E6 Y 

2 . l l T  0 

2.345 Q 

ADRENbLS 

1.41E-04 

3.83E-02 

7.26E-03 

7.80E-01 

3 . 3 7 ~ - 0 2  

2.41E-01 

2.34E 00 

1.38E-02 

1.09E-03 

6.8OE-02 

2.06E-04 

2.31E-04 

9.98E-05 

I .71E+ I 

6 95E-05 

1.39E-O 1 

5.80E-05 

4.46E-02 

3.4 BE -04 

1.84E-03 

1.36E -0 1 

5.34E-02 

2.19E-02 

6.70E-01 

1.82E-0 1 

BLAOOER 

1.44F-04 

3.65E-02 

7.40E-03 

7 5 5E-0 I 

3.13 E-02 

2 N E - 0 1  

2 . 2 7 ~  00 

1.34E-02 

1.05F-03 

6 62 F-02 

2.00 E-04 

2.15 E-04 

9.52E-05 

1.56E-01 

6 e T5E-0 5 

1 33E-0 1 

5.63E-05 

4.636-02 

4. I4E-04 

1 I*€-03 

l.28E-01 

5.14E-02 

2.lTE-02 

6.53E-01 

1 IO€-01 

BRAIN 

1.40E-04 

4.01E-02 

T 49E-03 

8.'43E-01 

3.36E-02 

2.43E-01 

2.54E 00 

1.51E-02 

I .  09E-03 

6.89E-02 

2 OOE-04 

2 28E-04 

9.30E-0 5 

I .67E-01 

6.65E-05 

1.39E-01 

5.50E-05 

4.73E-02 

Z.78E-04 

1 82E-03 

1.36E-01 

5.48E-02 

2.21E-02 

r.36E-01 

1.81E-01 

8P. E A S 1  

5.41 E-04 

5.22E-02 

1.48E-02 

9.99€-'01 

4.99E-02 

3.42E-01 

2.96E 00 

I. TlE-02 

2.2TE-03 

1.29E-01 

7.98E-04 

5.23E-04 

5.53E-04 

2. 58E-01 

4.79E-04 

2.39E-01 

4.19E-04 

8.49E-02 

2. T9E-03 

4.70 E-03 

2.36E-01 

8.98E-02 

4.49E-02 

8.2OE-01 

2.85E-01 

nE ART 

1 2 7 E-04 

3.55 E-02 

6.19E-03 

T.42E-0 I 

3 03 E-0 2 

2.18E-01 

2.24E 00 

1.32E-02 

9 9 2 E-04 

6.31 E-0 2 

1 82 E-04 

2.11 E-04 

8.49E-05 

1.53E-0 1 

5.97E-0 5 

1.27E-0 1 

4.94E-05 

4.2 1 E-02 

2 5 5 E-0 4 

1.68 E-0 3 

1 . 2 5 E k 1  

4.97E-02 

2.02E-02 

6.46E-01 

1 65 E-0 1 

SWAL L 
TNTEST IN€ 

1.13E-04 

3 18E-02 

5.98E-03 

6 .  T I E - 0 1  

2.TlE-02 

1.94E- 01 

2.03E 00 

1.2 OE- 02 

8.80E-05 

5.48E- 02 

1.61E-04 

1.81E-04 

1.51E-05 

I 35E-01 

5.28E-05 

1.1ZE-01 

4.38E-05 

3. TTE-02 

2.59E-04 

1 45E-03 

1.08E- 01 

4.35E-02 

1 TIE-02 

5 88E-01 

1 46E- 01 

UPPEP 
LA?GE 

INTESTINE 

I .  3TE-04 

3. ?BE-02  

7.33E-03 

7.9lE-01 

3.23F-02 

2.31F-01 

2.39E 00 

1 41F-02 

I .  OS€-03 

6.83F-02 

1.95E-04 

2.26E-04 

9.1TE-05 

1.63E-01 

6.26E-05 

I. 36F-01 

5. LEE-05 

4.51F-02 

3.29E-04 

1.81E-03 

1.346-01 

5.35E-32 

2.19E-02 

6.88E-01 

1 TTE-01 

LOWER 
LApGE 

I N T E S T I N E  

1.25E-04 

3.48E-02 

6.53E-03 

7.26E-01 

3.OOE-02 

2. I5E-01 

2.19E 00 

1.29E-02 

9. T l E - 0 4  

6. LOE-02 

1 -81  E-04 

2.05E-04 

8.61E-05 

1.51E-01 

5.9 8 E-0 5 

1.24E-01 

4.9TE-05 

4.05E-02 

2.91E-Ob 

1 63 E-03 

1.21 E-01 

4.82E-02 

1.96E-02 

6.32E-01 

1.62E-01 

R) 
0 
0 



PHOT9)N DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I Y  CONTAMINATE0 A I R  
I N  SV/YQ PER BQItCUBIC CUB 

NUCL I OE 

W-232 

T t t 2 3 3  

TH-234 

P4-230 

PA-23 I 

PA-233 

PA-234 

Pa-234'4 

U-230 

U-231 

U-232 

U-233 

U-234 

U-235 

U-236 

~ ' 2 3 ~  

U-238 

U-239 

U-240 

NP-235 

NP-236 

NP-236Y 

YP-237 

NP-238 

NP-239 

HALF-LIFE 

1.405E10 Y 

22.3 Y 

24.10 0 

17.4 0 

3.276E4 Y 

21.0 D 

6.70 H 

1 - 1 7  

20.8 D 

4.2 0 

72 Y 

1.592E5 Y 

2.445E5 Y 

r . 0 3 e ~ i  Y 

2.3415E7 Y 

6.15 D 

4.468E9 Y 

23.40 Y 

14.1 H 

396.1 0 

1.15E6 Y 

22.5 H 

2.14E6 Y 

2.111 D 

2.355 0 

KIDNEYS 

1 . 5 2 E 4 4  

3.79E-02 

r . 6 x - 0 3  

r.eaE-0 I 

3.25E-02 

2.31E-01 

2.38E 00 

1.40E -02 

1.08E-03 

6.77E-0 2 

2.09E-04 

2.18E-04 

1.01E-04 

1.60E-O 1 

r .  0 ~ - 0  5 

i . 3 1 ~ - 0 1  

5.92E-05 

4.80E-02 

5.06E-04 

1 ..77E -0 3 

1.31E-01 

5 .27Ed2  

2 . 2 6 E 4 2  

6.86E-0 1 

I . 14~-0  I 

LIVEP 

1 42 E-04 

3.63 E- 0 2  

7.33E-03 

r .  ~ O E - O ~  

3. IO€-02 

2.23E-01 

2.26E 00 

1 33 E-02 

1 04E-03 

6.58E-02 

1.91 E-04 

2.14F-04 

9.34E-05 

1.56E-01 

6.7OF-05 

1 32 E-0 1 

s . s e ~ - o s  

4.58E-02 

3.60E-04 

1 73E-03 

1.28E-01 

5 11 E-02 

2.14E-02 

6. 50E-01 

1.69E-01 

LUNGS 

1.61E-04 

3 e9X-02 

8.13E-03 

8.03E-01 

3 3 7E-02 

2 -42E-01 

2.42E 00 

1 e42E-02 

1.15E-03 

7.3 2 E-02 

2 -26E-04 

2.40E-04 

1 l lE-04 

1. r iE-01 

8.08E-05 

1.46E-01 

6.77E-05 

5 .d.SE-02 

4.41 E-04 

1.96E-03 

1 42E-01 

5.63E-02 

2038E-02 

6.92E-01 

1 86E-01 

MARROW 

2. 1 2 ~ - 0 4  

4.81E-02 

1.39E-02 

9.15E-01 

4.43 E-02 

3.2lE-01 

2.69E 00 

1.55E-02 

1.78E-03 

1.21 E-01 

3.66E-04 

3.84E-04 

1.81E-04 

2 .47~-01  

I 37 E-04 

2.24E-0 1 

1.15E-04 

7. &E-02 

7.56E-04 

3.21 E-03 

2.24 E-0 1 

8.56E-02 

3.93E-02 

7.39E-01 

2. r i  E-01  

DE0 
MARROW 

1 06 E-0 4 

3 e85 E-0 2 

5.71 E-03 

7.99E-0 1 

3.37 E -0 2 

2.39 E-0 1 

2.43E 00 

1 43 E-02 

9.69E-0 4 

5.68E-02 

1 64 E-0 4 

2.0 1 E-04 

7-46 E-0 5 

1 LIE-0 1 

4.65 E-0 5 

1.ZSE-01 

3.8 ZE-0 5 

3; 61'E -0 2 

.1.90€-04 

1.53E-03 

1.21E-01 

4.77E-02 

1.81E-02 

7 00 E-0 1 

1 .72~-0  1 

O V A R I E S  

1.2OE-06 

3.4 1E-02 

6.14E-03 

7.18E-01 

2.82E-02 

2. O2E- 01 

2 . 1 6 E  00 

1 29E- 02 

8.98E-09 

5.61E-02 

1 e 70E-OQ 

I.~~E-o* 

8.20E-05 

1 36E-01 

5.82E-05 

1.14E-01 

4.86 E-.05 

3.94E- 62 

3.11E-05 

1.49E-03 

1.10E- 01 

4.52E-02 

1.82E-02 

6. 29E-01 

1 49E-01 

P 4NCQ E A S  

I 0 1E-04 

3.OIE-02 

5 29E-03 

6.42E-01 

2.65E-02 

1.89F-01 

1.95F 00 

1 15E-02 

8.2zE-04 

5.05E-02 

1 50E-04 

I .74E -04 

r .  ISC-05 

1 31E-0 1 

4.85E-05 

1.05E-01 

4.02E -05 

3'.32E-O2 
. .  

2. 2 1 ~ - 0 4  

1.36E-03 

1 03E-0 1 

4.08E-02 

1.62E-02 

5.61E-01 

I 40E-01 

SKELETON 

2.82E-04 

4.90E-02 

1.43E-02 

9.32E-01 

4.53E-02 

3.28E-01 

2.74E 00 

1.58E-02 

1.83E-03 

1.25E-01 

3.82E-04 

3.97E-04 

1.92E-04 

2.53E-01 

1.46E-04 

2.30E-01 

1.2ZE-04 

8.19E-02 

8.00E-04 

3.33E-03 

2.3 LE-01 

8.80E-02 

4.05E-02 

7.52E-01 

2. ?BE-01 



PHW(3N OOSE-RATE CONVERSION FACTOPS FOR VARIOUS ORGAYS FOR IMMERSION I N  CONTAMINATE0 AI9 
I N  SV0YR PER BQllCUBIC CHI 

NUCL I DE 

TH-232 

T H - 2 3  3 

TH-234 

pa-230 

PA-231 

PA-233 

P fi-234 

oA-234M 

U-230 

U-23 1 

U- 23 2 

U-233 

U-234 

U-235 

U-236 

u-237 

U-238 

U-239 

U-240 

YP-23 5 

NP-236 

NP-236M 

~ - 2 3 7  

NP-238 

NP-239 

HALF-LIFE 

1 . 4 0 5 E I O  Y 

22.3 H 

24.10 b 

11.4 o 

3.276E4 Y 

27.0 0 

6.70 n 
1.17 M 

20.8 0 

4.2. 0 

1 2  Y 

1.592E5 Y 

2.445E5 Y 

7 . 0 3 8 ~ 8  Y 

2.3415E7 Y 

6.75 0 

4.468E9 Y 

23.40 H 

14.1 t i  

396.1 0 

1.15E6 Y 

22.5 H 

2.14E6 Y 

2.117 0 

2.355 0 

S K I N  

7.40E-04 

6.12E-02 

1.38E-02 

1.23E 00 

5 5 8E 6 2  

3 . 7 2 E 6 1  

3.69E 00 

2.18E-02 

2.55E-03 

1.22E-01 

1 1 1 E 6 3  

6.04E-04 

8.35E-04 

2.58E-01 

7 . 4 7 ~ 4 4  

2.33E-01 

6.56E-04 

8 .28E42  

4.07E-03 

5.52E-03 

2.25E-01 

8.87E-02 

4.39E-02 

1.06E 00 

2.87E-O 1 

SPLEEN 

1 32E-04 

3 54E-02 

6.93E-03 

r .  2 8 ~ - 0  1 

3 . 0 ~ 0 2  

2.2OE-0 1 

2.19E 00 

1.29E-02 

1-01 E-03 

6.40E-02 

1.89E-04 

2 .  I3E-04 

8.95E-05 

1.55E-01 

6.28E-05 

1.29E-01 

5.22E-05 

4.27 E-02 

3 05 E-04 

1 71 E-03 

1.26E-01 

5.OOE-02 

2 06 E-0 2 

6 29 E - 0  1 

1.67E-01 

STOMACH 

1.35E-04 

3.5 r E-02 

7.01E-03 

T . ~ ~ E - O L  

3.06E-02 

2.iOE-01 

2.23E 00 

1.32E-02 

1.OlE-03 

6 42E-02 

1.91E-04 

2.12E-04 

9. I I E-05 

1.54E-01 

6.45E-05 

1.29E-0 1 

5.37E-05 

4.3 5E-02 

3.29E-09 

le7lE-03 

1.26E-01 

5.OZE-02 

2. o r e 0 2  

6.4 1 E-01 

1 67E-01 

TESTES 

2. WE-04 

5.34E-02 

1.22E-02 

i.orE 00 

4. 7 0 ~ 0 2  

3.32E-01 

3.21E 00 

1 .  88E-02 

1. T L E - O ~  

1 .  orE-01 

3.96 E-04 

3.59E-04 

2.2OE-04 

2.36E-01 

1.7OE-04 

2.10E-01 

1.45 E-04 

r . w ~ - o t  

1 12E-03 

3.04E-03 

2.02E-01 

8.OlE-02 

3.62E-02 

9.13E-01 

2.60E-01 

THYMUS 

1 8 5 E-0 4 

4.0 C E-0  2 

9.4 0 E-0 3 

8.48E-0 1 

3.49 E-0 2 

2 5 1 E - 0  1 

2.54E 00 

I .  50 E -0 2 

1 2 7 E -0 3 

8.19E-02 

2 50 E-04 

2.61 E-04 

1.21 € 4 4  

1.81E-0 1 

8. 87 E-o 5 

1.6DE-01 

7.44E-05 

5. re E-o 2 

5.41 E-04 

2.15E-03 

1.55E-01 

6. 1n-02 

2.68E-0 2 

7 32E-0 1 

1.98E-01 

THYROID 

2.4LE-OQ 

5.01E-02 

1.2lE-02 

1.02E 00 

4.39E-02 

3.15E-01 

3.05E 00 

1.8OE-02 

1.62 E- 03 

1 06E-01 

3.30E-04 

3.39E- 04 

1.64E-04 

2.30E-01 

1.21E-Ol 

2.04E-01 

1.02E-04 

7. Z 8 E -  02 

7 . 5 7 ~ - 0 4  

2.81E-03 

2.OOE-01 

7.86E-02 

3.49E-02 

a. ~ E - O L  

2.52E-01 

UTEQUS 

1.12E-04 

3.lSF-02 

6.02E -03 

6.53E-0 1 

2. 7 2 ~ 0 2  

1.95E-01 

1.98E 00 

1. ME-02 

8.90E-D4 

5.56E-02 

1.61E-04 

I.  85E-04 

7.4lE-05 

1.37C-0 1 

5.25E-05 

1.13E-01 

4.34E-05 

3. r 6 ~ - 0 2  

2 . 3 ~ ~  -0 4 

1.47E-03 

1. IOE-0 1 

4 . 3 r ~ - o 2  

I .  78E -02 

5.67E-01 

1.47E-01 

TOTAL 
BDOY 

2.22E-04 

4.23E-02 

9.26E-03 

8.60E-01 

3 . 7 0 ~ - 0 2  

2.62E-01 

2.58E 00 

1.52E-02 

1.34E-03 

8.25E-02 

3.20E-04 

2.85E-04 

1.83E-04 

1.8SE-01 

1.44E-04 

1.62E-0 1 

I. 26E-04 

5.65E-02 

8.77E-04 

2.40E-03 

i . 5 r ~ - o i  

6.22E-02 

2.75E-02 

7.36E-01 

2.03E-01 

N 
0 
N 



PHQTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR I M M E R S I O N  I N  CONTAMINATED A I R  
I N  SV/YR PER BOlICUBIC CP.8 

NUCL I O E  

YP-240 

NP-240M 

PU-236 

PU-237 

PU-238 

PU-239 

PU-240 

PU-241 

PU-242 

PU-243 

PU-244 

PU-245 

PU-246 

AY-24 1 

~ ~ - 2 4 2  

~ N - Z ~ Z W  

AM-243 

AM-244 

AM-245 

aly-246 

CM-242 

CU-243 

CM-244 

CM-245 

CM-246 

HALF-LIFE 

65 M 

7.4 M 

2.851 Y 

45.3 D 

87.75 Y 

24131 Y 

6537 Y 

14.4 Y 

3.758E5 Y 

4.956 n 
8.26E7 Y 

10.57 H 

10.85 D 

432.2 Y 

16.02 H 

152 Y 

7.38E3 Y 

10.1 H 

122.4 M 

25.0 M 

163.2 0 

28.5  Y 

18.11 Y 

8.5E3 Y 

4.75E3 Y 

ADRENPC S 

1e37E 00 

3.90E-01 

4.89E-05 

4.81E-02 

2.80E-05 

6.3 OE -05  

2.85E-05 

0.0 

2.53E-05 

2.26E-0 2 

I. 30E -0 5 

4.92E-01 

1 .OS€+ 1 

1 . 5 1 E 4 2  

1.39E-02 

2.856-04 

4.57E-02 

9.6 1E-0  1 

3 e44E-0 2 

1.18E 00 

3.06E-05 

1.39E-O 1 

2.38E-05 

7.39E-02 

1 .69E45  

BLADDER 

1.32E 00 

3.76E-01 

4 09E-05 

4.63E-02 

1.94E-05 

5.53 E-05 

2 OTE-0 5 

0.0 

1.90E-05 

2.27E-02 

7.06E-06 

4.68E-01 

9.86 E-02 

1.73E-02 

1.32EO2 

2 -45E-04 

4.86E-02 

9.2SE-01 

3.19E-02 

1.15E 00 

1.83E-05 

1 29E-0 1 

1 24E-05 

6.96 E-02 

7.12E-06 

BRAIN 

1.48E 00 

4.2 1 E-01 

3.95E-05 

4 846-02 

1.8 5E-05 

5.92E-05 

1 94E-05 

0.0 

1.80E-05 

2 34E-02 

5.6lE-06 

5019E-01 

I .OZE-01 

1.5 8E-02 

1.39E-02 

2.48E-04 

4082E-02 

1.04E 00 

3 4 lE-02 

1.30E 00 

1.87E-05 

1 38E-01 

1.28E-05 

7.36E-02 

6 36E-06 

ERE AST 

1.73E 00 

4.88E-01 

5.88E-04 

8.89E-02 

4.88E-04 

2. IO€-04 

4. IO€-04 

0.0 

3.93E-04 

4.30E-02 

3.22E-04 

6.35E-01 

1.63E-01 

3.97E-02 

2. WE-02 

1. 87E-0 3 

9. BEE-02 

1 . Z O E  00 

5.31 E-02 

1.45E 00 

5.42 E-04 

2.16E-0 1 

4.76E-04 

1.28E-01 

4.17E-06 

HEART 

1.30E 00 

3.69E-0 1 

3 6 0 E -0 5 

4.45 E-0  2 

1.72E-0 5 

5.48E-05 

1.79E-05 

0.0 

1.6b E-0 5 

2.12E-02 

5.6 3 E-06 

4.59E-0 1 

9 3 2 E-0 2 

1.4OE-02 

1 2 8 E-0 2 

2 3 0 E-04 

4.32E-02 . .  
9. I2E-0 I 

3.l lE-0 2 

1.14E 00 

l.77E-05 

1.26E-01 

1.24E-05 

6.77 E-0  2 

6.59E-06 

SMALL 
INTEST INE 

1.17E 00 

3.34 E- 01 

3.12E-05 

3.8 5 E- 02 

1.44E-05 

4.67E-05 

1 52E-05 

0.0 

1.41E-05 

1.86E- 02 

4.52E-06 

4.13E-01 

8.39E - 02 

1.30E- 02 

I. 1OE- 02 

1.97E-04 

3.86E-02 

8.23E-01 

2.74E-02 

1.04E 00 

1 40E-05 

1. l lE-01 

9.46E-06 

5.87E-02 

4. IS€-06  

UPPER 
LARGE 

I Y T E S T I  YE 

1.38E 00 

3.92E-0 1 

3.67E-05 

4.82E-02 

1 69E-05 

5.83E-05 

1. BO€-05 

0.0 

1.66E-05 

2 27E-02 

5.62E-06 

4.88€-01 

1 .OOE-01  

1 54E-02 

1 38E-02 

2.44E-04 

4.64E-0.2 

9. IOE-01 

3.32F-02 

1.21E 00 

1.63E-05 

1 34E-01 

1.09E-05 

1 . 3 0 ~ - 0 2  

5.7 LE-06 

LOWER 
LARGE 

I N T E S T I N E  

1.27E 00 

3.62E-01 

3.93E-05 

4.30E-02 

2. IOF-05 

5.47E-05 

2.16E-05 

0.0 

1.95E-05 

2.03E-02 

8.74E-06 

4.51E-01 

9.31E-02 

1.36E-02 

1.24E-02 

2.41E-04 

4.12E-02 

8.92E-01 

3.06E-02 

1 . I I E  00 

2.25E-05 

1.24E-01 

1.69E-05 

6.59E-02. 

1.llE-05 

N 
0 
0 



PHOTUN OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTArlINATEO A I R  
I N  SV/YR PER B Q / ( C U B I C  C R I  

NUCLIOE 

NP-240 

N P-24 OM 

PU-236 

PU-237 

PU-238 

VU-239 

PU-240 

PU-241 

PU-242 

PU-243 

PU-244 

PU-245 

PU-246 

AM-241 

AM-242 

a n - 2 4 2 ~  

AU-243 

hM-244 

AH-245 

AM-246 

CU-242 

CM-243 

CM-244 

C M-24 5 

CM-246 

HALF-LIFE 

65 M 

7.4 Y 

2.851 Y 

45.3 0 

87.75 Y 

24131 Y 

6537 Y 

14.4 Y 

3.758E5 Y 

4.956 H 

8.26E7 Y 

10.57 H 

10.85 0 

432.2 Y 

16.02 H 

152 Y 

7.38E3 Y 

10.1 H 

122.4 Y 

25.0 M 

163.2 0 

28.5 Y 

18.11 Y 

8.5E3 Y 

4.75E3 Y 

K l W E Y S  

1.38E 00 

3.92E-01 

4.42E - 0 5  

4.73E-02 

2. l l E - 0 5  

5.63E-05 

2.33E-05 

0.0 

2.1OE-05 

2.33E-02 

8.86E-06 

4.86E-01 

1.03E-01 

1.87E -02 

1 -34E-0 2 

2.60E-04 

5.04E-02 

9.66E-01 

3 21E-0 2 

1.21E 00 

2.05E-05 

1.33E-01 

1.42E-05 

7.09E-0 2 

9.25E-06 

LIVER 

1.31E 00 

3.74 E-01  

4.07E-05 

4.6 1 E-02 

1.93E-05 

5.54E-0 5 

2.05€-05 

0.0 

1.89E-05 

2.26E-02 

6.52 E-06 

4.65E-0 1 

9.7lE-02 

1. t BE-02 

1 3 LE-02 

2.43E-04 

4.81 E-02 

9.20E-01 

3.18F-02 

1.15E 00 

1.89 E-05 

1 29E-0 I 

1.29E-05 

6.93E-02 

7.03E-06 

LUNGS 

l.40E 00 

4.OOE-01 

5.66E-05 

5.12E-0'2 

3.1 8E-05 

6.54E-05 

3 . m - 0 5  

0 .o 

2.90E-05 

2.49E-02 

1.43E-05 

5.00E-01 

1.06E-01 

I .  81E-02 

1.47E-02 

3 09E-04 

5.31E-02 

9.84E-01 

3 4 8E-0 2 

l .22E 00 

3.41E-05 

1.41E-01 

2.62E-05 

7.69E-02 

1.83E-05 

MARROW 

1.59E 00 

4.46E-01 

9.14E-05 

8.45 E-0.2 

4.83 E-05 

1 03 E-04 

5.03 E-05 

0.0 

4. 52E-05 

4.11 E-02 

1.95E-05 

5. 87€-01 

1 46E- 0 1 

3.36 E-02 

2.39 E-0 2 

4.91 E-04 

9.28E-02 

1.09E 00 

5.05E-02 

1.31E 00 

5.04E-05 

2.04E-0 1 

3.74E-05 

1.22E-01 

2.42E-05 

REO 
MARROW 

1.42E 00 

4.07E-01 

2 85E-0 5 

4.06E-02 

1.43E-0 5 

5.21E-0 5 

1.41 E-0 5 

0.0 

1 3 5E-0 5 

1.8 5 E - 0  2 

5. 49 E-0 6 

5.05 E-0 1 

1 02 E -0 1 

1.01 E-0 2 

l.19E-02 

2.1 1 E-0 4 

3.4 1 E-0 2 

9.94E-01 

3.27E-02 

1.23E 00 

1 55 E-0 5 

1 32E-0 1 

1. L3E-05 

6.52E-02 

6.89E-06 

O V A R I  ES 

1.26E 00 

3.59E-01 

3.90E-05 

3.94E-02 

2.10E-05 

4.96E-05 

2.17E-05 

0.0 

1.95E-05 

1.91 E - 02 

8.89E-06 

4.41E- 01 

8.52E- 02 

1.37E-02 

1.13E-02 

2.26E-04 

3 96E-02 

8.89E-01 

2.80E-02 

l . 1 O E  00 

2.22E-05 

1.13E-01 

I 67E-OS 

5.97E- 02 

1.1ZE-05 

PANCREAS 

1.13E 00 

3.22E-01 

3.29E-05 

3.58E-02 

1 836-05 

4.68E-05 

I 87E-05 

0.0 

1.67E-05 

1.67E-02 

8.19E-06 

4 006-0 1 

8.12E-02 

1 OSE-02 

1.04E-02 

2.04E-04 

3.28F-02 

7.92E-01 

2.65E-02 

9.89E-01 

2.OOC-05 

1 07E -0 1 

1 53E-05 

5 57E-0 2 

1006E-05 

SKEL €TON 

1.61E 00 

4.53E-01 

1.02E-04 

8.70E-02 

5.65E-05 

1.08E-04 

5.81 E-05 

0.0 

5.18E-05 

4.23E-02 

2.46E-05 

5.98E-01 

1.52E-01 

3.44E-02 

2.47E-02 

5.28E-04 

9.53E-02 

1 . l l E  00 

5.17E-02 

1.33E 00 

5.99E-05 

2.09E-01 

4.56E-05 

1.26E-01 

3 . 1 3 6 0  5 

N 
0 
P 



PHOTON OOSE-RATE CONVERSION FACTORS FOR VARlOUS ORG4NS FOR IMMERSION I N  CONfAllIHATEO A 1 9  
IN sviva PER BO/ICUBIC C M ~  

NUCL I OE 

NP-240 

NP-24OW 

PU-236 

PU-237 

PU-238 

PU-239 

PU-240 

CU-24 1 

PU-242 

PU-243 

PU-244 

PU-245 

PU-246 

AH-241 

AM-242 

4M-242Y 

hM-243 

AM-244 

AM-245 

AM-246 

CM-242 

CW-243 

CM-244 

CW-245 

CN-246 

H4LF-L1 FE 

65 M 

7.4 M 

2.851 Y 

45.3 0 

87.75 Y 

24131 Y 

6537 Y 

14.4 Y 

3.758E5 Y 

4.956 H 

8.26ET Y 

1 0 . 5 ~  H 

10.85 0 

432.2 Y 

16.02 H 

152 Y 

7.38E3 v 

10.1 M 

122.4 M 

25.0 Y 

163.2 0 

28.5 Y 

18.11 Y 

8.5E3 Y 

4.tSE3 Y 

S K I N  

2.16E 00 

6.13E+Jl 

9.66E -04 

8.30E-02 

8 . 2 n - 0 4  

3.93E-04 

7092E-04 

0.0 

6.60E-DQ 

4.03E-0 2 

5.56E-04 

7.65E-O 1 

1.68E -0 1 

3.80E-02 

2 e49E-0 2 

2.81E-03 

9 .08E42  

1.52E 00 

5.37E -02  

1.86E 00 

9.00E-04 

2.19E-0 1 

7.96E-04 

1.22E-01 

7 O 4 E 4  4 

SPLEEN 

1.28E 00 

3.63E-01 

3.98 E-05 

4.5 1 E-02 

2.03E-05 

5.62E-0 5 

2.10E-05 

0.0 

1.92E-05 

2.15E-02 

T . T ~ E - O ~  

4.55E-01 

9.55 E-02 

1 48E-02 

1.30E-02 

2.45E-04 

4.43E-02 

8.93E-01 

3.15E-02 

1.1lE 00 

2. LZE-05  

1.27E-0 1 

1.55E-05 

6 . 8 6 6 0 2  

9.50E-06 

STOMACH 

1.30E 00 

3 69E-01 

4 13E-05 

4 e 5  1E-02 

2.12E-05 

5.60E-05 

2.20E-05 

0 .o 

2 -00E-05 

2.17E-02 

8.18E-06 

4.60E-01 

9.52E-02 

1 e54E-02 

1 29E-02 

2.49E-04 

4.52E-02 

9.10E-01 

3 e LIE-02 

1.13E 00 

2 2 1  E-05 

1.27E-01 

1 &LE-05 

6 83E-02 

1 O l E - 0 5  

TESTES 

1.87E 00 

5.32E-0 1 

1.61E-04 

7.46E-02 

1.16E-04 

1.17E-04 

1.13E-04 

0.0 

9.67E-05 

3.67E-02 

6.78E-05 

6.7lE-01 

1.50E-01 

3.llE-02 

2.13E-02 

6.95 E-04 

8.14E-02 

1.31E 00 

4. WE-02 

1.61E O C  

1.32E-04 

1.97E-01 

I. 11E-04 

1. 10E-01 

9 . 2 9 E - O S  

. THYMUS 

1.4TE 00 

4.13E-0 1 

5.65 E -0 5 

5.7lE-02 

2 6 1  E-0 5 

6.73E-0 5 

2.78 E-05 

0.0 

2.54E-05 

2.84 E-02 

9.28E-06 

5.20E-O 1 

1.13 E-0 1 

2.30 E-02 

1 62E-0 2 

3 -0 7 E-04 

6.3 1 E-0 2 

1.03E 00 

3.706-0’2 

1.29E 00 

2.46E-05 

1 . S O E - O l  

1.67E-05 

8.41E-02 

9.48E-06 

THYRO IO 

1.78E 00 

4.99E-01 

8.38E-05 

7.39E-02 

4.62E-05 

9.15E-05 

4.80E-05 

0.0 

4.27E-05 

3.62 E-02 

2.06E-05 

6.3%-01 

1 43E-01 

2.97E-a2 

2.10E-02 

4.52E-OI 

8.04E-02 

1.24E 00 

4. 7lE-02 

1.53E 00 

4i92E-05 

1 91E- 01 

3.74E-05 

1.08E-01 

2. 64E-05 

UIFRUS 

1.15E 00 

3.ZTE-01 

3 O2E-05 

3.9LE-02 

1 35E-05 

4.76E-05 

1.43E-05 

0.6 

1 34E-0 5 

I .  88E-02 

4.04E-06 

4. o x - 0 1  

8.45E-02 

1.26E-02 

1.12E-02 

1.96E-04 

3.88E-02 

8 .OOE-0  1 

2 .  T8E-02 

.L .OOE 00 

1.33E-05 

1. 12E-01 

8.78E-06 

5.98E-02 

4.119-06 

TOTAL 
BODY 

1.50E 00 

4 . 2 1 ~ - 0 1  

1.44E-04 

5. ~ ~ - 0 2  

1.07E-04 

9.85E-05 

1.05E-04 

0.0 

8.90E-05 

2 . 7 9 ~ - 0 2  

6. 5lE-05 

5.35E-01 

1.17E-01 

2.27F-02 

I 6 5 E-0  2 

5.83E-04 
- 

6.09E-02 

1.05E 00 

3.80E-02 

1.30E 00 

1 2 1 E-04 

1. %E-01 

1.03E-04 

8.52E-02 

8. roE-05 

N 
0 
VI 



PMrlfOW DOSE-RATE WNVEPSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAMINATE0 A I R  
IN s v m t  PER eo/(cuaic cat 

NUCL I OE 

CP-247 

CN-248 

CM-249 

CM-250 

0U-249 

8U-250 

8U-251 

CF-248 

C F 2 4 9  

CE-250 

CF-251 

CF-252 

CF-253 

CF-254 

ES-253 

E 5-254 

ES-25444 

ES-255 

FM-254 

FM-25 5 

FW-256 

HALF-LIFE 

1.56E7 Y 

3.39E5 Y 

64.15 M 

6.9E3 Y 

320 0 

3.222 H 

57.0 M 

333.5 0 

350.6 Y 

13.08 Y 

9.OE2 Y 

2.639 Y 

11-81 0 

60.5 0 

20.467 0 

275.7 0 

39.3 H 

39.8 0 

3.240 n 

20.07 H 

157.6 M 

AOREN & S 

3.68E-01 

l o 8 8 E 9 5  

2.22E-02 

0.0 

0.0 

1.08E 00 

0.0 

1.55E-05 

3.8OE-01 

3.46E-05 

1.27E -0 1 

2.67E-05 

2.72E-07 

8.32E-09 

3.45E-04 

2.83E-03 

6.68E-01 

1.27E-06 

5 34E -0 5 

1.56E-03 

0.0 

BLADDER 

3 WE-01 

1 . 1 2 E O 5  

2.11 E-02 

0 - 0  

0.0 

1.OSE 00 

0.0 

3 80 E-06 

3.54E-01 

2.32 E-0 5 

1.18E-0 1 

1.64E-05 

6 39 E-08 

1 17E-08 

3 07E-04 

2.64E-03 

6.39E-01 

3 72E-07 

3.83E-05 

1 WE-03 

0.0 

BRAIN 

3.79E-01 

1.12E-05 

2.36E-02 

0 .0 '  

0.0 

1.18E 00 

0.0 

+ 2 6E-06 

3 e 89E-01 

2 5 1  E-05 

1 25 E-0 1 

1 76E-05 

9 .OSE-08 

7 37E-09 

3 29E-04 

2.7lE-03 

7.17E-01 

3.82E-07 

4 17E-05 

1 5 1 E-03 

0;o 

BREAST 

6. 78E-01 

3.41 E-04 

2.79E-02 

0.0 - 
0.0 

1.32E 00 

0.0 

3.98E-04 

5. OOE- 0 1 

4 28E-04 

2.04E-0 1 

3.91 E-04 

6.7lE-06 

2.98E-08 

7.23E-04 

9.77 E-03 

8.27E-01 

3.02E-05 

5.03E-04 

6.33E-03 

0.0 

HE A41 

3.3 5 E -0 1 

1.06E-05 

2 07  E-0 2 

0.0 

0.0 

1.04E 00 

0.0 

4 8 2  E-06 

3.56 E-0 1 

2.3 5 E-0 5 

1.15E-01 

1 6 6 E -0 5 

9.70E-08 

6.69E-09 

3.01 E-04 

2.45E-03 

6 2 BE -0 1 

4 e24E-0 7 

3.90E-O 5 

1.37E-03 

0.0 

SMALL 
INTEST I Y E  

3.01 E-01 

8.44E- 06 

1 87E-02 

0.0 

0.0 

9.46E-01 

0.0 

2.7lE-06 

3.10E-01 

1.89E-05 

1 . O l E - 0 1  

1.31E-OS 

5.49E-08 

7.12E-09 

2.67E-04 

2.18E-03 

5.66E- 01 

2 . 5 9 5  07 

3.18E-05 

1.2OE- 03 

0.0 

UP0 Ea 
LARGE 

I N TE ST I NE 

3.55F-01 

9.80E-Ob 

2.20E-02 

0.0 

0.0 

1.11E 00 

0.0 ' 

3.04E-06 

3.66E-01 

2.24E-05 

1 23E-0 I 

1 S2E-05 

5.79E-08 

9.19E-09 

3.1 7E-04 

2.58E-03 

6.68E-01 

2 96t-07 

3 826-05 

1.45E-03 

0.0 

LOWER 
LARGE 

I N T E S T I N E  

3.30E-01 

1.37E-05 

2.03E-02 

0.0 

0.0 

1.02E 00 

0.0 

9.71 E-06 

3. 51E-01 

2.7lE-05 

1.13E-01 

2 0 2E-0 5 

1. 7SE-07 

7.29E-09 

3.03E-04 

2.47E-03 

6.15E-01 

8.18E-07 

4.33E-05 

1.36E-03 

0.0 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VASIOUS ORGANS FOR IMMERSION I N  CONTAMINATE0 A I R  
I W  SVIYR PEP Bai(cu8rc CCI 

weir DE 

CU-247 

CM-248 

CM-249 

C M-2 50  

BK-249 

9K-250 

BK-251 

CF-248 

CF-249 

,CF-250 

CF-25 1 

CF-252 

CF-253 

CF-254 

ES-253 

ES-254 

ES-25& 

ES-255 

FY-254 

FM-255 

FM-256 

HALF-LI FE 

1.56E7 Y 

3.39E5 Y 

64.15 N 

6.9E3 Y 

320 0 

3.222 H 

57.0 Y 

333.5 0 

450.6 Y 

13.08 Y 

9.OE2 Y 

2.639 Y 

17.81 0 

60.5 0 

20.467 0 

275.7 0 

39.3 H 

39.8 D 

3.2$0 H 

20.07 H 

157.6 U 

KIDNETS 

3 55E-0 1 

1.27E-05 

2.20E-02 

0.0 

0.0 

1.1OE 00 

0.0 

5.79E-06 

5.66E-01 

2.49E-05 

1.2OE-01 

1.81E-05 

8.69E -0 8 

1.44E-08 

3.17E-04 

2 . 7 7 ~ 4 3  

6.66E-01 

5.6 6E-0 7 

4 . I l E d 5  

1.5BE-03 

0.0 

LIVEC 

3.42E-01 

1.15F-05 

2. IO€-02 

0.0 

0.0 

1.05E 00 

0.0 

4 ' 0  E-06 

3.52E-01 

2.42E-05 

1.17F-01 

1. 72E-05 

8.23E-08 

9.90E-09 

3.07E-04 

2.62E-0 3 

6 35 E-01 

4. isE-or 
3.99E-05 

1.49 E-03 

0.0 

LUNGS 

3.68E-01 

2.11E-05 

2 25 E-02 

0.0 

0.0 

1.11E 00 

0 .o 
1.64E-05 

3.80E-01 

3.80E-05 

1 -29E-01 

2.96E-05 

2.86 E-OT 

1 09E-08 

3 e4 1 E-04 

3.02E-03 

6.80E-01 

1.37,-06 

5 82E-05 

1.76E-03 

0.0 

MARQ.OW 

4.45E-01 

3.11E-05 

2.57E-02 

0.0 

0.0 

1.19E 00 

0.0 

2. M E - 0 5  

4.66E-01 

5.81E-OS 

1.95E-01 

4.45E-05 

3.61 E-0 7 

1 96 E-0 8 

4.7lE-04 

4052E-03 

7.57E-01 

1.76E-06 

9.06E-05 

2.95 E-03 

0.0 

?EO 
HARROY 

3.79E-03 

9.27E-06 

2 3 0 E-0 2 

0.0 

0.0 

1 . U E  00 

0.0 

5.85E-06 

3 90  E-0 1 

2.08E-05 

1.17E-01 

I .  46 E-05 

1 11 E-0 7 

4.76E-09 

3.35 E-04 

2.42E-03 

6.93E-0 1 

4.93E-07 

3.5 1 E-0 5 

. .  

1.15 E-0 3 

0.0 

O V A R I  ES 

3.2 1E-01 

1 37E-05 

2.02E-02 

0.0 

0.0 

1.01E 00 

0.0 

9.69E-06 

3.29E-01 

2 60E-05 

1 OZE-01 

1.97E-05 

1.71E-07 

7.95E-09 

2.73E-04 

2.34E-03 

6 16,-01 

8.24E- 07 

4.09E-05 

1 30E-03 

0.0 

PtNC?EAS 

2.95E-01 

I 22s-05 

1.8 LE-02 

0.0 

0.0 

9 rn 03E-0 1 

0 .0  

9. 57C-06 

3.04E-0 1 

2.35E-05 

9.67F-02 

I .  77C-05 

1 7 lE-67 

5 44E-09 

2.67F-0' 

2.10E-03 

5.47E-0 1 

7 88 E -0 7 

3.7lE-05 

1 1 lE-03 

0.0 

SKELETON 

9.53E-01 

3. TOE-05 

2.61E-02 

0.0 

0.0 

1.21E 00 

0.0 

2.74E-05 

4.74E-01 

6.6 1E-05 

2.00E-01 

5.17E-05 

4.81E-07 

2.00E-08 

4.86E-04 

4. TlE-03 

7.69E-01 

2 . 3 0 ~ 0 6  

1.OlE-04 

3.09E-03 

0.0 
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ELECTQON DOSE-RATE CONVERSICN FACTORS FOR SKIN FOR I S Y E R S I O N  I N  CONTAMINATED AIR 
I N  S V I Y R  PER 0Ol(CUBIC C M t  

NUCLI OE 

H- 3 
BE-7 
BE-IO 
c-11 
C-14 
N-13 
N- 16 
0-1s 
F-18 
YA-22 
NA-24 
HG-21 
MG-28 
A!.-26 
AL-2 8 
51-31 
S 1-32 
P-32 
P-33 
5-35 
CL-36 
CL-38 
4R-37.  
A R - 3 9  
A9-41 
K-40 
K-42 
K-43 
CA-41 
C A-45 
C A-4 7 
CA-49 
sc-44 
SC-46 
SC-46M 
sc-47  
SC-48 
sc-49 
T 1-44 
TI-45 
11-51 
v-48 ' 

v-49 
V-52 
CR-49 
CR-51 
MY-52 
MN-5tM 
nt4-53 

HALF-L I FE 

,12.28 Y 
53.44 0 
1.6E6 Y 
2Q.48 M 

5.73E3 Y 
9.97 M 
7.13 S 

122.24 S 
109.74 M 

15.00 H 

20.93 H 
7.2E5 Y 

2.602 Y 

9.458 M 

2.240 M 

3.3E2 Y 
14.29 0 

25.4 0 
87.44 0 

3.01E5 Y 
37.21 Y 

151.3 Y 

1 

35.02 0 

1.827 H 

12.36 H 
22.6 H 

.03ES Y 

40536 D 

269 Y ' 

277E9 Y 

162.1 D 

8.719 n 
3.921 H 

18.72 s 
83.86 D 

3.422 0 ' 

43.67 H 
51.4 n 
47.3 Y 
3.08 H 

5.752 n 
15.971 D 

3 3 0  , D  
3.75 w 

42.09' M 
21.104 0 

5 0 5 9 1  0 
21.4 M 

3 . m  Y 

FRONT O F  
D E R M I S  

0.0 
0.0 
3.2OE-01 
7.4OF-01 
1.26F-02 
9. BO€-01 
6.10E 00 
1.53E 00 
4.17E-01 
3.18E-01. 
1.12E 00 
1.45E 00 
2. IOE-01 
7.97E-01- 
2.69E 00 
I . 2 l F  00 
3. SlE-02 
1.43E 00 
5.54E-02 
1.48E-02 
4.29F-01 
3.38E 00 
0.0 
3.63E-01 
9.14F-01 
9.06F-01 
3.13E 00 
5.55E-01 
0.0 
5.73E-02 
6.44E-01 
1.84E 00 
1.23E 00 
1.25E-01 
5. WE-QZ 
2.35E-01 
3.62E-01 
l . 1 3 E  00 
2.87E-04 
7.33E-01 
1.82E 00 
2.64F-01 
0.0 
2.29E 00 
1.22E 00 
0.0 
L.2LE-Ol 
2.44E 00 
0.0 

MIDPOINT OF 
O E R Y I S  

0.0 
0.0 
I .  12E-02 
1.74E-01 
0.0 
3.36E-01 
5.14E 00 

2.90E-02 
1.16E-02 
4.54 E-01 
7.28 E-0 1 
2.01E-03 
2.67E-01 
1.84E 00 
5.3 1 E-01 
0.0 
7.17E-01 
0.0 
0.0 
4.316-02 
2.56E 00 
0.0 
I. 81E-02 
3. L O € - 0 1  
3.4 ?E-01 

1.02E-01 
0.0 
0.0 
2.03 E-0 1 
1.08E 00 
5.47E-01 
5.21E-05 
0.0 

. 6.OOE-03 ' 

2.56 E- 02 
9. 1 l E O l  
0.0 
2 05 E-01 
1.06E 00 
2 76E-02 
0.0 
1.48E 00 
5.52E-01 
0.0 
5.64E-03 
1.62E 00 
0.0 

7.83E-01 

2 . 2 7 ~  00 

BACK OF 
DERHI 5 

0.0 
.o.o 
5.33E-05 
3.54E-02 
0.0 
1. L1E-01 
4.39E 00 
4.07E-01 
6.92E-04 
8.29E-04 
1.86E-01 
3 74E-0 1 
3. I l E - 0 5  
8.53E-02 
1.29E 00 
2.36E-0 1 
0.0 
3 - 6 6 6 - 0 1  
0.0 
0.0 
2.42E-03 
2.04E .OO 
0.0 
1.34E-04 
1005E-01 
1.28E-01 
1.TOE 00 
1.98E-02 
0.0 
0.0 
1.OlE-01 
6.54E-01 
2 43E-0 1 
8 ;  O M - 0 6  
0.0 

. 7.'OTE-05 
8.11E-04 

' 5.62E-01 
0.0 
5.15E-02 
6. %E-0 1 
1 42E-03 
0.0 
9.83E-0 1 
2.49E-01 

4.59E-05 
1.10E 00 
0.0 

. .  

. 0.0 

4VERAGF OVER 
OEQ'IIS 

0.0 
0.0 
6.08E-02 
2.45E-01 
1.lOE-03 
4 06 F-0 1 
5.18E 00 
8.45E-0 1 
E. 90E-02 

5.2OE-01 
7.90E-0 1 
3.63E-02 

1.89E 00 
5.95E-0 1 
5.65E-03 

6.09F-32 

3.25E-01 

7. m - 0 1  
1 13E-02 
1 46 E-03 
I .OLE-31 
2.61E 30 
0.0 
7.26E-02 
3.77E-01 
4.03 E-0 I 
2.32E 00 
1 64E-0 1 
0.0 
1.23E-02 
2 -59 E-0 1 
1.13E 00 
6 LO€-01 
2.09E-02 

. 4.32E-02 ' 

1 .03E 00 
3.73E-06 
2.686-01 
1.12E 00 
6 27E-0 2 
0.0 
1.53E 00 
6.14E-01 
0.0 
2.4OE-02 
1.61E 00 
0.0 

6. LOE-03 

r . n ~ - 0 2  

D E P T i  OF 
70 q I Z Q O Y S  

0.3 
0.3 
2.86E-01 
7.02E-01 
5.88E-03 
9.44E- 0 1 
6.07E 00 
1 .COE 00 
3.8lE-01 
2.8%-01 
1.08E 00 
1 .CZE 00 
1.E3E-01 
7.67E-01 
2.66E 00 
l.17E 00 
2.2LE-02 
1.40E 00 
3.86E-02 
7. 5 4 ~ - 0 3  
3.9QE-01 
3.35E 00 
0.0 
3.29E-01 
8. ?BE-01 

3.10E 00 
5.2OE-01 
0.3 
4.09E-02 
6.lOE-01 
1.81E 00 
1.19E 00 
1.OlE-01 
4.09E-02 
2.0%-01 
3.29E-01 
1.69E 00 

8. 7-45 - o I 

6.89E- 06 
7.01E-01 
1.79E 00 
2 . W - 0 1  
0.0 
2.26E 00 
1.19E 00 
0.0 
1.10E-01 
2.4LE 00 
0.0 



ELECTRON OOSE-aATE CONVERSICN FACTORS FOR SKIN FOR I Y M E R S I O N  I N  CONTAMINATED A I R  
IN SV/YR PER BO/(CUBIC C C I  

YUCLIOE 

MN-54 
MN-56 
MN-51 
FE-52 
FE-55 
FE-59 
Cn-56 
C0-5 1 
CO-58 
C b 5 8 M  
C0-60 
CO-60'4 
C 3-6 1 
N1-56 
Y 1-57 
N1-59 
NI-63 
YI-65 
CU-61 
CU-62 
CU-64 
CU-67 
ZY-62 
ZN-65 
ZN-69 
ZY-69H 
GA-66 
64-67 
GA-68 
GA-72 
GE-68 
GE-71 
GE-77 
AS-72 
AS-73 
AS-74 
A S - 7 6  

SE-13 
SE-75 
SE-79 
09-17 
BR-BO 
BR-8OM 
BR-82 
BR-83 
BR-84 
BR-85 
KR-79 

As-rr 

HALF-LI,FE 

312.7 0 
2.5785 H 

1.41 W 
8.275 ti 

2.7 Y 
44.63 D 
18.16 0 
210.9 D 
70.80 0 

9.15 H 
5.271 Y 
10.41 M 
1.650 H 

6.10 D 
36.08 H 
7.5E4 Y 
100.1 Y 
2.520 H 
3.408 H 

9.74 M 

61.88 D 
9.26 H 

55.6 M 
13.16 H 

9.40 H 
3.261 0 

12.701 H 

244.4 0 

68.0 M 
14.1 H 

288  D 
11.8 0 

11.30 H 
26.0 H 

80.30 D 
17.71 D 
26.32 H 
38.8 H 
7.15 H 

119.78 0 
6.5E4 Y 
51.04 H 

11.4 M 
4.42 H 

35.30 H 
2.39 H 

31.80 H 
172 s 

35.04 H 

FRONT OF 
D E R M I S  

0.0 
1.15E 00 
2.36E 00 
3.65E-01 
0.0 
1.41E-01 
2.46E-01 
4.01E-03 
4.76E-02 
0.0 
9.33E-02 
2.88E-03 
9.09E-01 
2.13E-03 
2 63E-01 
0.0 
0.0 
1.30E 00 
6.16E-01 
2.79E 00 
1.99E-01 
I .  94E-01 
3 . 4 4 6 0 2  
2. 59E-03 
5.9lE-01 
4.27E-02 
2.12F 00 
8.66E-03 
1.55E 00 
1.OOE 00 
0.0 
0.0 
1.34E 00 
2.23E 00 
0.0 
5.23E-01 
2.30E 00 
3.83E-01 
1.63E-01 

' 1.69E-02 
4.OZE-03 
1.52E 00 
0.0 
1. T9E-01 
5.90F-01 
2.73E 00 

3.3tE-02 

5.87E-03 

2.15E 00 

MIDPOINT OF 
DERWI 5 

0.0 
1.07E 00 
1.55E 00 
5. T E E - 0 2  
0.0 
2.07E-03 
1.08E-01 
0.0 
6.47 E-04 
0.0 
1.01E-06 
1.29E-03 
3.18E-01 
0.0 
4.52E-02 
0.0 
0.0 
6.8 LE-0 1 
2.1lE-01 
1.94E 00 
1.19E-02 

2 08 E-03 
1.74E-07 

3.03E-03 

1.16E-01 
5 .67~-03  
1.63E 00 
0.0 
8.5TE-01 

0.0 
0.0 
6. BEE-01 

4. TIE-OL 

l .48E 00 
0.0 
1 63 E-01 
1.52E 00 
3.35E-02 
2.93E-01 
0.0 
0.0 
2.31E-07 
Br 31E-01 
0.0 
laO7E-OS 
1. 18E-01 
1.96E 00 
1.36E 00 
2.05E-03 

BACK OF 
DERMIS 

0.0 
1. L8E-01  
1.05E 00 
6.4lE-03 
0.0 
4 8 1 E-04 
4.73E-02 
0.0 
4.94E -0 8 
0.0 
0.0 
5.93E-04 

0.0 
5.83E-03 
0.0 
0.0 
4.OOE-0 1 
1 . O l E - 0 2  
1.38E 00 
2.7lE-04 
1.81E-05 
3.19E-05 
9.0 
1.93E-02 
3.446-09 
1.28E 00 
0.0 
4.81E-01 
2.89E-0 I 
0.0 
0.0 
3.90E-01 
1.01E 00 
0.0 
5.64E-02 
1.04E 00 
1.55E-03 
1. LOE-01 
0.0 
0.0 
0.0 
4. 73E-01 
0.0 
1.52E-08 
21 06E-02 
1.50E 00 
8.9lE-01 
3.43E-05 

1.12E.-01 

AVERhGE OVER 
D E R Y I S  

0.0 
1.12E 00 
1.60E 0 0  
1.00 E-0 1 
0.0 
2.5OE-02 
1.21E-01 
2.58E-04 
8.36 E-03 
0.0 
2.33E-02 
L.44E-0 3 
3 .BZE-Ol 
6.07E-04 
1.49E-02 
0.0 
0.0 
1.37E-31 2.55E-01 

4.1 ZE-0 2 

1 12E-03 

1.99E 00 

3.44E-02 

6.46E-OC 
1. T9E-01 

1.65E 00 
9.35E-04 

5.32E-01 

1.09F-02 

9.13E-01 

0 .0  
0.0 
7.41E-01 
1.53E' 00 
0.0 
2.05E-01 
1.51E 00 
8.65E-02 
3.4LE-01 
1.35E-03 
1.33E-03 
1.00E-03 
8.86E-0 1 
0 .o 
3.06E-02 
1.8lE-01 
2.OlE 00 
1.41E 00 
6.91E-03 

OEDTY r)F 
TO Y I C Q O Y S  

0.0 
1.715 00 
2.33E 00 
3.42E-01 
0.3 
I. I T € - 0 1  
2.395-01 
2.51E-03 
4.19E-02 
0.3  

2. EO€-03 
7 . 2 1 ~ - 0 2  

8.74E-01 
2.15E-03 
2.4 TE-0 1 
0 .3  
0.0 
1.26E 00 
5.93E -01 
2.76E 00 
1.81E-01 
1.C4E-01 
3.14E-02 
2.09E-03 
5.56E-01 
4.OTE-02 
2. lOE 00 
2.11E-03 
1.5ZE 00 
9.6 TE -'0 1 
0.3 
0.0 
1.30E 00 
2.20E 00 
0.0 
5.00E-01 
2.27E 00 
3.50E-01 
1.38E-01 
4.OlE-03 
7.97E-03 
3.23E-03 
1.49E 00 
0.0 
1.52E-01 
5.55E-01 
2.TOE 00 
2.1ZE 00 
3.04E-02 

N 

0 
4 



ELECTRON DOSE-RATE CONVERSION FACTORS F O R  S K I N  FOR IqHERSION I N  CONTAWIN4TEO 4 I R  
I N  SVIYR PER BO/(CUBIC C M I  

NUCL I C E  

XR-81 
KR-93W 
KR-85 
KQ-85M 
KR-87 
KR-88 
K9-89 
K9-90 
P8-81 
R0-82 
RO-83 
RR-84 
90-86 
Re-87 
R 0-88 
R 6-89 
R 8-90 
R8-90M 
SQ-82 
SR-85 
S O - 8 5 M  
SQ-87H 
SQ-89 
tR-90 
SQ-91 
SQ-92 

Y-86 

Y-88 
Y-90 
Y-90'4 
Y-91 
Y-91M 
Y-92 
Y-93 
25-86 
29-80 
29-89 
24-93 
25-95 
29-97 
YE-90 
N0-91 

. -N0-91M 
N9-92 
N8-92M 
N 8-93r 

sa-93 

y - 8 1  

' N0-94 

HALF-L I F E  

2. lE5 Y 
1-83 H 

10.72 Y 
4.48 H 
76.3 Y 
2.84 H 
3.16 M 

32.32 S 
+ e 5 8  H 
1.25 M 
86.2  0 
32.9 0 

18.66 D 

17.8 M 
15.44 H 

157 S 
258 5 

64.84 0 
67.66 M 

50.55 0 
28.6 Y 

9.45 H 
2.71 H 

7.. 3 n 
14.74 H 

80.3 H 
106.60 0 

64.1 H 
3.19 H 

58.51 0 

4.73E10 Y 

25.0 0 

2.805 H 

"49.71 M 
3.54 H 
10.1 H 
16.5 H 
83.4 0 

78.43 H 
4.53E6 Y 

64.'02 0 
1.6.90 *H 
14.60 H 

-1E4 Y 
6 1  0 

3.6E7 Y 
10.15 0 
14.6 Y 

2.03E4 Y 

FPONT OF 
OERH I S 

0.0 
0.0 
4. M E - 0 1  
4.55E-01 
2.89E 00 
6.92F-01 
2.98E 00 
2.85E 00 
3.73E-01 
3.07E 00 
0.0 
3 . 2 s - 0 1  
1.40E 00 
t. 18E-02 
4.67E 00 
2.19E 00 
4.40E 00 
3.05E 00 
0.0 
6.23E-03 
.9.14E-03 
1.24E-01 
1.ZlE 00 
3.22 E-0 1 
1.36F 00 
3.20E-01 
1.92E 00 
4.63E-01 
2.69F-03 

2.OlE 00 
0.04F-02 
1.25E 00 
5.38E-02 
3.20E 00 

1.56 E-02 
1.946-02 
1.90E-01 
0.0 
1.36E-01 
1.44E 00 

1.67E-04 
3.63E-02 
2.86E-03 
0.0 
0.0 
2.02E-01 

1.19F-03 

2.57E 00 

7.65E-01 

MIDPOINT OF 
DERYTS 

0.0 
0.0 
4. 88E-02 
6.67E-02 
2.07E 00 
3.29 E-0 1 
Z.17E 00 
2.0LE 00 
8.305-02 
2.22E 00 
0.0 
1 3 15-01 
7.22 E- 01 
0.0 
3.76E 00 
1.44E 00 
3.5ZE 00 
2.23E 00 
0.0 
1 43E-03 
0.0 
6 82E-03 
5.49E-01 
1.29E-02 
7.18E-01 
4 :50 E -02 
11.13E 00 
2.25E-01 
4. L5E-04 
2.48E-04 
1.25E 00 
1.46E-02 
5.87E-01 
1.54E-02 
2-35E 00 
1.75E 00 
0.0 
1 . -15603  
4.63E-02 
0.0 
1.42E-03 
7.56E-01 
3.32E-01 
0.0 
0.0 
8.16E-06 
0.0 
0.0 
2.98 E-03 

BACK OF 
OERYI s 

0.0 
0.0 
2.57E-02 
8.54E-03 
1.54E 00 
2.23E-01 
1.64E 00 
la'48F 00 
2 13E-0 2 
1.60E 00 
0.0 
6.17E-02 
3.93E-0 1 
0.0 
3.08E 00 
1.02E 00 
2.89E 00 
1. 7OE 00 
0.0 
7.79E-05 
0.0 
0.0 
2.57E-01 
5.54E-05 
4.30E-O? 
2. LIE-02 
1.22E-01 
1.18E-01 
1 99E-06 
2.38E-05 
8.OOE-0 1 
5. 8OF-05 
2.85E-01 
L.OO€-03 
L.78E 00 
l.24E 00 
0.0 
0.0 
1.03E-02 
0.0 
2.52E-04 
4. LCE-01 
1. SLE-01 
0.0 
0.0 
5.34E-05 
0.0 
0.0 
2.60E- 04 

AVERAGE r)VER 
O E R W I S  

0.0 
0.0 
1 O7E-0 1 
1 . Z Z E - 0 1  
2.12E 00 
3.7ZE-01 
2.21s 00 
2.06F 00 
1.2lE-01 
2.27E 00 
0.0 
1.53E-01 
7.79 E-0 1 
1.47E-02 
3.80E 00 
1.49E 00 
3.56F 00 
2.2EE 00 
0.0 
?.DOE-03 
5.92F-04 
3.10E-02 
6.10E-0 1 

7.76E-01 
8.7OE-02 1.2JE 30 

2.47F-01 
7.25 E-06 
4.1 B E - 0 4  
1.30E 00 
2.45E-02 
6 .  4 I  E-0 1 
1.94E-32 
2.39E 00 
1.80E 00 
3 .03E-03 
5.33E-33 
6.43E-02 
0.0 
2.37E-0 2 
8. 13E-0 1 

3.9bE-35 
6.72 E-04 
1.03E-03 
0.0 
0.0 
3.57E-02 

6.22E-02 

3.74E-01 

OEPTY 'YF 
70 qICSf3YS 

0.0 
0.0 
4.12E-01 
4.2 3E-0 1 
2.86E 00 
6.61E-01 
2.955 00 
2.82E 00 
3.46E-01 
3.04E 00 
0.0 
3. I7E-01 
1.36E 00 

4.64E 00 
2 . l b F  00 
4.38E 00 
3.025 00 
0.0 
5.986-03 

1.17E-O? 
1.17E 00 
2.09E-01 
1.3ZE 00 
2.93E-01 
?.88E 00 
4.51E-01 
2.53E-03 
1.60E-03 
1.98E 00 
8.36E-02 
1.ZZE 00 
5.20E-02 
3.17E 00 
2.535 00 
1.37E-02 
?.83E-02 
1. 81E-01  
0.3 
1. L Z E - O I  
1.4LE 00 
7.32E-0? 
1. 18E-04 
1. 16E-02 
2.76E-03 
0.0 
0.0 
1.745 -01 

C . L ~ E - O ~  

r.aTE-03 



ELECTRON DCSE-RATE CONVERSICN FACTORS FOR SKIN FOR IMMERSION I N  CONTAYINATED 419 
IY SV/YQ PER e a / t c u e I c  CCI 

NUCL I DE 

NR-94M 
“IR-95 
NB-95M 
FIB-96 
NB-97 
NR-97W 
YO-91 
MO-93 
W3-99 
W ’ l - 1 0 1  
TC-95 
Tt-95M 
TC-96 
TC-96u 
TC -97 
TC-97M 
TC-98 
1:-99 
TC-99M 
TC-101 
ow-97 
BU-103 
0.u-105 
OW-106 
R H - L 0 3 *  
QH-105 
RH-105W 
QH-106 
PO-103 
PO-LO7 
PO-109 
AG-lO6M 
AG-LO8 
46-108M 
AG-109W 
SG-1 LO 
AG-l IOM 
AG-I11 
CD-LO9 
C O - 1 1 1 M  
CD-113 
C0-113M 
CO-115 
CD-ll5W 
CD-117 
CD-117Y 
IN-111 
IY-113M 
IV-114 

HALF-L I FE 

6 - 2 0  M 
35.06 D 

86.6 H 
23.35 n 

72.1 M 
6 0  S 

15.49 M 
3.5E3 Y 
66.02 H 
14.61 M 

20.0 H 

51.5 M 
2.6E6 Y 

89 0 
4.2E6 Y 

2.13E5 Y 
6.02 ti 
14.2 M 
2.9 D 

39.35 0 

368.2 0 

6 1  D 
4.28 D 

4.44 n 

56.119 M 
‘35.36 H 

45  s 
29.92 S 

16.961 0 
6.5E6 Y 

8.06 D 
2.37 Fc 

127 Y 
39.6 S 

24.57 S 
249.85 0 

7.46 0 
464 0 

48.7 P 
9.3E15 Y 

13.7 Y 

1 3 . 4 5 3  n 

53.46 ti 
44.6 0 
2.49 H 

2.83 0 
3.36 H 

1.658 H 
71.9 S 

FROhlT nF 
DERMIS 

4.09F-03 
1.23F-02 
2.96E-01 
4.34F-01 
9.22E-01 
2.96E-02 
3.19E 00 
0.0 
7. 56F-01 
1.05F 00 
1.86E-03 
1.18F-02 
I .  95 E-03 
0.0 
0.0 
2.20E-02 
1.46E-01 
7.28E-02 
1.22 E-02 
9.33 E-01 
I OS€-02 
5.09E-02 
7.75E-01 
0.0 
0.0 
2.19E-01 
8.16E-02 
3.09F 00 
0.0 
0.0 
b.82E-01 
C.82F-03 
1.25F 00 
1.13E-02 
1.37E-02 
2m56E 00 
7.84E-02 
6. W E - 0 1  
0.0 
1.18E-01 
8.97E-02 
2.87E-01 
5.73F-01 
1.24F 00 

3.29E-01 
3.89E-02 
2.46E-01 
1.61E 00 

8.39 E-0 I 

HIDPOINT OF 
DERMIS 

I 3 6E-03 
9.66E-04 
1.646-02 
5 .08  E-02 
3.26E-01 
1.35 E-02 
2.33E 00 
0.0 
2 39  E-0 1 
4.7OE-01 
8.74E-04 
2.9OE-04 
9.33E-m 
0.0 
0.0 
0.0 
2 . 3 4 5 0 3  
1.38E-08 
0.0 
3.34E-01 
1.73E-06 
2 2 1 E-03 
2 . 3 2 5 0 1  
0.0 
0.0 
7.31 5 0 3  
0.0 
2.23E 00 
0.0 
0.0 
1.70E-01 
9.03E-04 
5.87E-01 
2.74E-03 
0.0 
1.73E 00 
3.03E-03 
1.59E-01 
0.0 
0.0 
1. ??E-06 
1.21E-02 
1.36E-01 
5.72E-01 
3.85E-01 
4.49E-02 
0.0 
1.18E-02 
8.87E-01 

BACK OF 
O E I M I  5 

4.40E-04 
3.32E-94 
5.46E-03 
4.07E-03 
1.16E-01 
4.4lE-03 
1.75E 00 
0.0 
7.84E-02 
2.59E-01 
3.06E-04 
?.94€-05 
3.396-04 
0.0 
0.0 
0.0 
5.53F-04 
0.0 
0.0 
1.23E-01 
0.0 
9. 50E-05 
7.OSF-02 
0.0 
0.0 
4.69E-05 
0.0 
1.66F 00 
0.0 
0.0 
4.OlE-02 
1.09E-05 
2.86E-01 
4.59E-04 
0.0 
1.21E 00 
2.50E-04 
3. t9E-02 
0.0 
0.0 
0.0 
1.19E-04 
3 66E-0 2 
2.74E-0 1 
2.18E-01 
1.44E-02 
0.0 
0.0 
5.05E-01 

AVERAGE OVER 
OERYIS 

1.66F-03 
2. 75E-03 
6.11F-02 
1.07s-0 1 
3.90E-01 
1. &?E-02 
2.38’4 00 
0.0 
2.98E-0 1 
5 e 3 1  F-3 1 

2.?6E-03 
1 ODE-0 3 
0 .3 ‘  ’ * 

0.0 
b. OIE-04 
2.59F-02 
1.926-02 
8 eQ2E-04 
3.98E-01 
2. bZE-0 3 
9.97E-03 
Z.96F-O I 
0.0 
0.0 
4 I Q E - 0  2 
4.74E-03 
2.28E 00 
0.0 
0.0 
2.3bE-3 I 
1. b OE-03 

3.79E-03 
2.82E-04 

9.4QF-02 

6 47E-0 1 

l .78E 00 
1 5 1  E-02 
2.22E-0 1 
0.0 
2 33E-0 2 
2 .?&GO2 
5 59 E-02 
1.92E-01 
6.33E-0 1 
4.33E-0 1 
8. T2E-02 
7.69 E-0 3 
6.6QE-02 
9 6 0  E-0 1 

OEPTH OF 
70 M I t ? @ Y S  

3.93E-03 
6.88E-93 
2.63E-01 
4 . O O C - 0 1  
8.87E-01 
2.90E-02 
3 . I 5 E  00 
0.0 
7.2 l E  -0 I 
I.0li 00 
1.82E-03 
1.31E-02 
1.91E-03 
0.0 
0.0 
5-43! -03 
1.21E-Ol 
5.42E-02 
7.70E-03 
8.98E-O? 
9.OlE-03 
3.8 LE-02 
7. 4Oc-01 
0.0 
0.0 
1.S2E-01 
4.75E-02 
3.96E 00 
0.0 
0.0 
6.47E-01 
5.496-03 
1.21E 00 
1.09E-02 
2.33E-03 
2.53E 00 
6.8 7E-02 
6 . 2 3 - 0  1 
0.0 
8.54E-02 
6.92E-02 
2.ZOE-01 
5.39E-01 
1.ZOE 00 
8.OTE-01 
3.00E-01 
3. I9E-02 
2.32E-01 
1.58E 00 



ELECTRON DOSE-R‘ATE CONVERSIO4 FACTORS FOP S K I N  FOR I Y M E R S  IOIJ IN CONTAMINATED A I R  
I N  S V / Y R  PER BO/(CUBIC C C 9  

NUCL I DE 

IY-114M 
IN-115 
1 N-1 1 5 M  
IN-116M 
I N - 1 1 7  
I N - 1  17H 
SN-1 13 
SY-l1,7M 
S Y - 1  1 9M 
S N - 1 2 3  
SY-125 
94-126 
S9-117 
SR-122 
56-124 
S8-125 

58-126M 
SB-I  27 

Y E - 1 2 1  
TE-I21M 
15-123 
YE-1 23H 
TE-125r  
TF-127 
TE-1274 
TE-129 
TE-129M 
TE-131 
T E - 1 3 l M  
TE-132 
TE-133 
T E-1 33W 
TE-134 
1-122 
1-123 
1-124 
1-125 
1-126 
1-128  
1-129 
1-130 
I t 1 3 1  
1-132 
1-133 
1-134 
1-135 
1-136 

s 9-1 2+. 

58-129 

HALF-L I FE 

49.51 0 
4.6E15 Y 

4.36 H 
54-15  H 

43.8 H 
116.5 M 
115.1 0 
13 .60  D 
293.0 D 
129.2 0 
9.64 D 

1.OE5 Y 
2.80 H 
2.70 D 

60.20 0 

12.4 0 
2.77 Y 

19.0 M. 
3.85 D 
4 .40  H 

154 0 
l E 1 3  Y 

119.7 D 
5 8  0 

9.35 H 
109 @ 

69.6 H 
33.6 0 
25.0 M 

30 H 
78.2. H 

1 2 - 4 5  H 
55.4 M 
41.8 M 
3.62 M 

13.13 H 
4.18 0 

60.14 0 
12.93 D 
24 .99  H 

1.57E7 Y 

16.8 0 

12.36 H 
8.040 0 

2.30 H 
20.8 H 
52.6 M 
6.61 H 

83 s 

FRONT OF 
DEP MIS 

1.95E-01 
2.14E-01 
3.03E-01 
5.49 F-01 
4.45E-0 1 
8.61 E-01 
0.0 
1.62E-01 
2.47E-04 
1.08E 00 
1.74F 00 
4.92 E-02 
2.65E-02 
1 .15E 00 
7.30E-01 
1.01 E-0 1 
5.53E-01 
1.22E 00 
5.75E-01 
6 .  TEE-01 
5.22’-03 
2.61 E-02 
0.0 
3.53E-02 
4.02E-02 
3 .  7LE-01 
2.18E-02 
1.05E 00 
4.64E-01 
1.46E 00 
2078E-01 
5.76F-02 
1.73E 00 
1.45E 00 
1.55E-01 
2.25F 00 
2.13E-02 
4.  L6E-01 
0.0 
2.45F-01 
1.60E 00 
8.04E-03 

2.92F-01 
5.M-01 

9.74E-01 
7.92E-01 
1.24E 00 
7.02E-01 
4..53E 00 

M I O P O I N T  O F  
O E R Y I  5 

0.0 
3.15E-03 
4.65E-03 
1.13E-01 
4.84E-02 
3.49E-01 
0.0 
0.0 
0.0 
4.55E-01 
1-07!  00 
0.0 
3.55’-04 
5.26E-01 

4.03E-03 
3.  L9E-01 

1.91E-01 
t 07 E-0 1 
1.25E-0 1 
2.48E-01 
1.39E-03 
0 .0  
0.0 
0.0 
0.0 
3.23E-02 
1. O7E-03 
4.29E-01 

T.56E-01 
5..7OE-02 
0.0 
9 93  E- 0 1 
7.79E-01 
1. 15 E-03 
1.58E 00 
0.0 
2.31E-01 
0.0 
5.94E-02 
8.97E-01 
0.0 
1.00E-01 
1.38E-02 
3.99E-0 1 
2.55 E-01 
5.88E-01 

I Z.25E-01 
3.60E 00 

2 06E-0 1 

BACK OF 
D E R M I S  

0.0 
1.11E-06 
4.45E-04 
2.26E-02 
3. S4E-0 3 
1. I T € - O L  
0.0 
0.0 
0.0 
1.97E-01 
6.89E-0 1 
0.0 
2.30E-06 
2.58E-01 
1. 84E-0 1 
8.54E-05 
9.OOE-02 
3.17E-0? 
2.93E-02 
1.21E-01 
7.61E-35 
0.0 
0.0 
0.0 
0 .0  
1.52E-03 
7.81E-05 
I. 81E-01 
1.02E-Ol 

3.49E-02 
0.0 
6.09E-01 
4 .  54E-01 

4.ZZE-01 

1.72E-05 
1.14E 00 
0.0 
1.32E-01 
0.0 
I .  63E-02 
5.25E-01 
0.0 
2.ZLE-02 
2 4 1E-0 4 
1 89E-0 I 
8.46E-02 
3 o O O E - 0  1 
8.45E-02 
2.91E 00 

AVERLGE r)VEP. 
O E Q Y I S  

3.34E-03 
3 77E-02 
5.3TE-02 
1.  T L E - O L  
1.07E-01 
4.06E-01 
0.0 
I .Q3E-02 
1 1 O F 0 6  
5 16E-0 1 
1.12E 00 
1.01 E-0 2 
4.65E-0 3 
5.85 E-0 1 
3.65 E-0 1 
I .96E-02 
Z.35E-0 1 
6.61 E-0 1 
I. 9kE-01 
2.996-01 
I .  81 E-03 
2.97E-04 
0.0 
3 .  I2F-03 
1.56 E-03 

4.36E-03 
4.9LE-0 1 

8.37E-02 

‘ 2  .32E-0 1 
8 18 E-0 1 
9.02F-0 2 
1 .OOE-02 
1.05E 3 0  
8.36E-0 1 
2.66E-02 
1.62E 00 
I .89E-03 
2 e45 E-0 1 
0.0 
8 32E-3 2 
9.52 E-01 
6.62E-04 
1. 56E-01 
5.79E-02 
4.6OE-0 I 
3 1 4  E-0 1 
6 A9E-01 
2 8 I E - 0 1  
3.64E 0 0  

DEPT’4 QF 
70 M l C Q O Y S  

1.59E-01 
1.85E-01 

5.15E-01 
4.05E-01 
8.3 lE-01 
0.0 
1. I 3 E - 0 1  
0.0 
1.04E 00 
1 . T l E  00 
3.286-02 
1.99E-02 
1 . L Z E  00 
7.00E-0? 
8.56E-02 
5.23’-01 
1.!9F 00  
5.41E-01 
6.46E-01 

2 . ~ x - 0 1  

5.03E-03 
1.65F-02 
0.0 
1.69E-02 
1.67E-02 
3.39E-0 1 
1 .OOE-02  
1.02E 00 
4.39E -01 
L.4ZE 00 
2.4 7E-0 1 
4.2LE-02 
1.7OE 00 
1-42!? 00 
1.28E-01 
2.23E 00 
1.4SE-02 
4.08E-01 
0.0 
2.3 LE-01 
L e 5 6 E  00 
3.53E-03 
4.80E-01 
2.61E-01 
9.396-01 
7.58E- 0 1 
1.Zc-E 00 
6.59E-01 
4.51E 00 

r! 
w 



ELECTRON OOSE-RATE CONVERSI@N FACTORS FOR SUIN FOR IrMEPSION I N  CONTAMINATE0 A I R  
I Y  SV/YR PER BO/(CUBIC CY! 

NUCLIOE 

XE-122 
XF-123 
XE-125 
XE-127 
XE-129Y 
XE-131Y 
XE-133 
XF-1334 
XE-135 
XE-135H 
XE-137 
XE-138 
CS-126 
CS-129 
CS-131 
C 5-132 
CS-134 
CS-134M 
CS-135 
CS-136 
CS-137 
cs-138 
cs-139 
R A - 1 3 1  
9A-133 
8A-133M 
9A-135Y 
BA-137H 
EA-139 
EA-140 
EA-141 
84-142 
LA-I40 
LA-C41 
LA-142 
CE-139 
CE-141 
CE-143 
CE-144 

PR-143 
PR-144 
PR-144Y 
NO-1 4 7  
YO-149 
PY-143 
PM-144 
PM-145 
PY-146 

pa-142 

HALF-LIFE 

20.1 H 
2.14 H 
16.8 H 

8.89 O 
11.84 0 
5.245 O 
2-19 O 
9.11 H 

15.36 M 
3.83 Y 

14.13 M 
1.64 Y 

32.06 H 
9.688 0 

36.406 0 

6.475 0 
2.062 Y 

2.90 H 
2o3E6 Y 
13.16 0 
30.17 Y 

32.2 M 
9.40 M 
11.8 0 
10.5 Y 
38.9 H 
28.7 H 

2.552 M 
83.1 M 

12.789 0 
18.27 H 
10.70 Y 
40.22 H 

3.94 H 
95.4 M 

137.66 0 
32.50 O 

33.0 H 
284.3 0 
19.13 H 
13.56 O 
17.28 M 

7.2 M 
10.98 0 

1.73 H 
265 O 
363 0 

17.7 Y 
2020 D 

FRONT O F  
D E R M I S  

2.14E-03 
3.37E-01 
2.6lE-02 
2.97E-02 
2.27E-01 
1 56E-01 
1. O5E -0 1 
2.92F-01 
5. E€-01 
1.89 E-01 
3..%E 00 
1.28s 00 
2.94E 00 
b a l l € - 0 3  
0.0 
lo 35E-02 
2.55E-01 
7.20s-02 
2. STE-02 
I 4LE-01 
2.55E-01 
2.65E 00 
3.67E 00 
2.7lE-02 
I .  55 E-02 
3.46F-01 
3.39€-01 
1.29F-01 
1.91E 00 
5.96F-0 1 
1.8OE 00 
8.92E-01 
1.07E 00 
2.02E 00 
1.80E 00 
2.69E-02 
2. 16E-01 
e. WE-OI 
7.48E-02 
1.15E 00 
5.80E-01 
2.62E 00 
1.63E-06 
4.01E-01 
9. LO€-01 
2.04E-03 
1.62E-02 
5. blE-05 
1 65E -0 1 

MIDPOINT OF 
OEPYIS 

6.05E-06 
1.4lE-01 
6.52E-05 

0.0 
0.0 
1.48E-05 
0.0 
1 0 4 6 0  1 
4.33E-02 
3.03E 00 
7.07E-01 
2.19E 00 
1.98E-04 
0.0 
2.83E-03 
2.08E-02 
0.0 
0.0 
4.07E-03 
1.74E-02 
I . 8 2 E  00 
2.78E 00 
8.41E-04 
1. LIE-04 
0.0 
0.0 
h. 90E-02 
1.14E 00 
1 03E-0 1 
1.05E 00 
3.49 E-0 1 

1.25E 00 
?.09E 00 
0.0 
3.73E-03 
2.55E-01 
6.94E-07 
1.03E 00 
1.18E-01 
1.80E 00 
0.0 
5.26 E-02 
3.16E-01 
8.87E-04 
4.92E-03 
0.0 
2 25 E-02 

3. r 3 ~ - 0 5  

4.38E-01 

BACK OF 
O E W I  S 

0.0 
6 36E-0 2 
1 ODE-07 
0.0 
0.0 
0.0 
0.0 
0.0 
1.736-02 
9. LEE-04 
2.38E 00 
4.49E-01 
l o 6 7 F  00 
0.0 
0.0 
4.65E-04 
1.35E-03 
0.0 
0.0 
1.59E-03 
4.16E-03 
1.29E 00 
2.L7E 00 
2.09E-06 
0.0 
0.0 
0.0 
9.6 LE-03 
7.04E-0 1 
2.28E-02 
6. 57E-01 
1.64E-01 
1.91E-01 
8.0 LE-0 1 
7.16E-01 
0.0 
2. 74E-05 
8.83E-02 
0.0 
6 37E-0 1 
2.13E-02 
1.2-E 00 
0.0 
5.50E-03 
1.2OE-O 1 
2.58E-04 
7.50E-04 
0.0 
2.33E-03 

AVER4GE OVER 
O E R Y I S  

5.37E-04 
1 61E-0 1 
4.39E-03 
7. b3E-03 
3 Ob€-02 

2 63 E-02 
5 3 I E-02 
1.68E-01 
6.06E-02 
3.07E 00 
7.59E-01 
2.23E 00 
I .6lE-03 
0.0 
4.2 1 E-0 3 
5 6bE-3 2 

I . 4 e ~ - o 2  

4.49E-03 

2.64E-0 2 
3.74E-03 

5 m49E-32 
1 .87E 00 
2.83E 00 
5.08E-03 
3.91E-0 3 

r .8 2 E- 0 2 
5.59E-02 
1.19E 00 
I .  55E-0 I 
1.11E 30 
4.09E-01 
5.02E-01 

8 . 3 e ~ - o 2  

1.3OE 00 
I . 1 5 E  00 
2 61  E-03 
3.84E-02 
3.19E-0 1 

1.09E 00 
1.79E-0 1 
1.85E 00 
3.1 7E- IO 
1.03E-0 1 
3.83E-01 
9.73E-04 
6 LO€-0 3 
4.95E-37 
4.29E-02 

1 87E-02 

DEPTH OF 
70 Y I C R O Y S  

1.66E-03 
3.195-0 1 
2. I4E-02 
2.34E-02 
1.84E-01 
1.13E-01 
8.23E-02 
2.5 2E-O! 
5.38E-01 
1.82E-01 
3.91E 00 
1.25E 00 
L 9 1 E  00 
5.74E-03 
0.0 
1.26E-02 
2.31E-01 
4. 13E-02 
1.56E-02 
1. 125-01 
2.26E-01 
2.62E 00 
3.64E 00 
L.79E-02 
1.34E-02 
3.1 L E - 0 1  
3.03E-01 
1.26E-01 
1.87E 00 
4.63E-0 1.76E 00 I 

1.03E 00 
1.99E 00 
1.77E 00 
1.84E-02 
1.80E-01 
7.68E-Ol 
5.53E-02 
1.7ZE 00 

8. 5TE-01 

5.45E-01 
2.59E 00 
0.0 
3.68E-0 1 
8.69E-01 
1.99E-03 
1.57E-02 
7.26E-08 
1.53E-01 



ELECTRON DOSE-P AT E C O N V E R S I  CN SAC 
IN SY/YR PER B P / ( C U B I C  C C I  

NUCL I DE 

PM-141 
P11-148 
PY-148M 
PY-149 
PY-151  
SIC147 
SH-151 
S*-153 
EU-152 
EU-1521 
EU-154 
FU-155 
EU-156 
GO-152 
GO-1 53 
GO- 159  
G O - 1 6 2  
18-157 
18-160 
18-162 
OY-157 
0.1-165 
OY-166 
HO-16C 
HO-16611 
En-1 6 9  
E R - 1 1 1  
14-170 
TM-111  
Ye-169 
Ye-115 
CU-171 
LU-171M 
HF-18 I 

Y-181 
w-185 
Y-181 
w-188 
RE-182 
RE-1 8211 
RE- I  83 
RE-184 
RE-184M 
Q E-1 86 
R E - 1 8 1  
RE-188 
os-185 
05-186 

ia -182  

H4L F-L I F E  

2.6254 Y 
5.37 D 
41.3 D 

53.08 H 
28.40 H 

90 Y 
46.7 H 

1.069Ell  Y 

13.6 Y 
9.32 H 

8.8 Y 
4.96 Y 

15.19 0 
l .lE14 Y 
241.6 D 
18.56 H 

9.1 Y 
150 Y’ 

72.3 0 
7.76 M 
8-06 H 

81.6 t i  
2.334 H 

26.80 H 
1.20E3 Y 

9.40 0 
1 - 5 2  H 

128.6 D 
1.92 Y 

31.91. 0 
4:19 0 
6.11 D 

160.10, D 
42.39 D 

114.14 0 
120.95 0 

1 5 . 1  D 
23.83 H 

69.4 0 
64.0 H 
12.1 H 

70 0 
38.0 0 

169 Q 
90.64 H 

4 . 1 E l O  Y 
16.98 H 

93.6 b 
2.OE15 Y 

ORS F O R  S K I N  FOR 

FRONT OF 
DERMIS 

3.41 E-02 

2.29E-01 
6.91E-01 
5 .1ZE-01  
0.0 
0.0 
3.77E-01 
1.76E-01 
1.01E 00 
4.09E-01 
1.53F-02 
7.6 1 E - 0  1 
0.0 
3.71E-03 
5.72E-01 
5.99E-01 
0.0 
3.90E-01 
9. 15E-01 
6.1OE-03 
8. 64F-01 
1.43E-01 
1.41E 00 
1.llF-01, 
1.02E-01 
6 99E-0 1 
5.82E-01 
3.92 E-04 

1.52E 00 

6.06E-02 
1.67E-01 
1 84E-0 1 
1 67E-01 
2.03E-01 
1 84E-01 
0.0 
1.59E-01 
4.82E-01 
1.02E-01 
9.50E-02 
4.92E-02 
2.95F-02 
2.15E-02 
3.50E-02 
6.2ZF-01 
0.0 

:1.6ZE 00 
ImlSE-02 
0.0 

MMERSION I N  CONTAMINATED 41Q 

HIDPDINl OF 
DEP.MIS 

0.0 
8.48E-01 
1.45E-02 
1.805-01 
9.94E-02 
0.0 
0.0 
3 48 E- 02 
4 4 1 E - 0  2 
5.18E-01 
1.06E-01 
0.0 
3.86E-01 
0.0 
0.0 
1.18E-01 
1.26E-01 
0.0 
6.39E-02 
3.72E-01 
4. 17E-06 
2.96E-01 
3.90E-04 
7.24E-01 
1. 5TE-02 
1 33 E-05 
1.78C-01 
1.ZOE-01 
0.0 
1 .oo E-01 
1.48 E- 03 
2 39 E-03 
3. ST€-04  
2.4TE-03 
3.9lE-03 
0.0 
6.58E-04 
I. 01E-01 
1.73’-05 
0.0 
1.51 E-02 
0.0 
3.09E-03 
0.0 
1. 52E-01 
0.0 
8.88 E-0 1 
3.62E-03 
0.0 

BACK OF 
DERMI S 

0.0 
5.20E-0 1 
1.18E-03 
4.58E-02 
2.08E-02 
0.0 
0.0 
2.32E-03 
1.69E-02 
2.78E-01 
4.81E-02 
0.0 
2.31E-01 
0.0 
0.0 
2.29E-02 
2 45E-0 2 
0.0 
2.09E-02 
I 48E-0 I 
0.0 
1.0*E-01 
3.24E-08 
3.89E-01 
5.19E-03 
0.0 
4 .  66E-02 
2.27E-02 
0.0 I ’ 

0.0 . 
7.74E-08 
9.44E-0 1 
0.0 
5.OIE-06 
8.40E-04 

0.0 
3.19E-02 
0.0 
0.0 
8.19E-03 
0.0 
1.18E-03 
0.0 
3.72E-02 
0.0 
5.14E-01 
4.61E-04 
0.0 

0 .% 

AVEQAGE OVEQ 
O E Q W I t  

5.82E-03 
9.04E-01 
4.79E-02 
2 - 4 3  E-0 I 
1.55E-01 
0 . 3  
0.0 
8 64E-32 
6.15F-32 
5.6OE-01 
1.47E-01 
3.36 E-0 3 
4.23E-0 1 
0.0 
1.23E-34 
1 78F-01 
1.88E-01 
0.0 
1.11E-0 1 
4.35F-01 
1 53 E-03 
3 59F-01 
2.4 1 E-0 2 
7.83E-01 
2 ;99 E-3 2 
2 .TS E-02 
2 43E-01 
1.80E-01 
1 09E-0 5 
1.5 1 F-02 
2.89E-02 
3 2ZF-02 
4.2OE-02 
3.55E-02 
3.34E-02 
0.0 
4 0 1 E-02 
1.53E-01 
2 56 E-0  2 
1.24F-04 
2.OOE-02 
4.90E-03 
6 83E-03 
1.19E-03 
2.12E-01 
0.0 
9 48 E-0 1 
4.41E-03 
0.0 

DEPTH OF 
10 ~ 1 C S l ) h l S  

2.2OE-02 
1.485 00 
2.OlE-01 
6.565-01 
4.77E-01 
0.0 
0.0 
3.42E-01 
1.6OE-01 
9.83E-01 
3.7lE-01 
8.63E-03 
7.3 L E - 0 1  
0.0 
1.30E-03 
5.3TE-01 
5.bSE-01 
0.0 
3.53E-01 
9.37E-01 
5.58F-03 
8.29E-01 
1.18E-01 
1.31E 00 
9.23E-02 
8.06E-02 
6.5TF-0 1 
5. CbE-01 
4.3 BE- 05 
4.14E-02 
1.42E-01 
1.5 5E-0 1 
1.13E-01 
1 5 3E-0 1 
1.46’-01 
0.0 
1.34E-01 
4.47E-01 
8.08E-02 
6.11E-02 
3.6OE-02 . 
1.6OE-02 
1. t OE-02 

5.81E-01 
0.0 
1.58E 00 
1.09E-02 
0.0 

1 . m - 0 2  



ELECTRON DOSE-RATE CONVERSICN FACTOQS FOR SKIN FOR IYMERSION I N  CONTAMINATED A I 9  
IN SVIYR PER B w c u e I c  CMI 

NUCC I OE 

OS-19OM 
OS-191 
OS-19lM 
OS-193 
14-190 
I R-1904 

I R-I92 
19-193Y 
IR-194 
IR-194M 
PT-191 
PT-193 
PT-193M 
PT-195M 
PT-197 
PT-19 TH 
AU-194 
AU-195 
AU- 1 9 5 W  
AU-196 
AU-198 
AU-199 
HG-197 
HG-197M 
HG-203 
TL-200 
TL-20 1 
TL-202 
TC-204 
TL-20 7 
TC-208 
TL-209 
TL-2 10 
PB-203 
PB-204M 
00-205 
PB-209 
PB-210 
P8-21 I 
PB-212 
PB-214 
81 -206 
81-207 
81-208 
81-210 
81-211 
81-212 
81-213 

IP-LSOY 

HALF-LIFE 

9.9 M 
15.4 D 

13.03 H 
30.0 H 

11.78 0 
1.2 H 
3.2 H 

74.02 0 
11.9 0 

19.15 H 
171  0 

2.71 0 
5 0  Y 

4.33 0 
4.02 0 
18.3 H 
94.4 M 

183 0 

6.183 0 
2.696 D 

64.14 H 

39.5 H 

30.6 S 

3.139 0 

23.8 H 
46.60 0 

26.1 H 
73.06 H 
12.23 0 
3.779 Y 

4.77 Y 
3.053 M 

2.20 M 
1.30 M 

52.02 H 
66.9 H 

1.5LE7 Y 
3.253 H 
22.26 Y 

36.1 M 
10.643 H 

26.8 M 
C.243 Q 

33.4 Y 
3.68E5 Y 

5.013 0 
2.13 M 

60.55 M 
45.65 M 

FRONT OF 
O E P M I S  

1.14E-01 
2. 17E-02 
1.38E-03 
6.56E-01 
7.60E-02 
0.0 
6.2OE-03 
3.38E-01 
5.10F-03 
1.71E 00 
1.66 E-01 
3.llE-02 
0.0 
1.OlF-01 
9.83E-02 
3.19E-01 
4.76E-01 
4.98E-02 
5.51E-03 
8.84F-02 
4.2SE-02 
6.OLE-01 
1.30E-01 
2.23E-03 
2.05E-01 
1.04E-01 
4.56E-02 
1.24E-02 
2.48E-02 
4.59E-01 
9.85 E-0 1 
1.19E 00 
1.40E 00 
1.43E 00 
7.86E-02 
2.OlE-01 
0.0 
3.15E-01 
0.0 
8.97E-01 
1.98E-01 
4 68 F-0 1 
1.79E-01 
2.20E-01 
9.0%-03 
7 49E-0 1 
1.69E-02 
9.66 E-0 1 
8. SEE-01 

MIDPOINT OF 
O E R M I  S 

7.67E-03 
0.0 
0.0 
1 . 6 6 6 0 1  
3.37E-03 
0.0 
0.0 
1.64E-02 
0.0 
9.81E-01 
1.06E-02 
1.23E-03 
0.0 
0.0 
0.0 
1.97E-02 
4.65E-03 
9.13E-03 
0.0 
1 . 4 2 6 0 6  
3.12E-04 
1 . Z O E - 0 1  
1 47E-04 
0.0 
0.0 
0.0 
7.49E-03 
0.0 
I .  66 E-03 
6.50E-02 
3.84E-01 
5. LEE-01 
6.91E-01 
6.98E-01 
1.42E-05 
9.00E-02 
0.0 
1 95 E-02 
0.0 
3.28E-01 
9.07E-04 
3.75E-02 
2.82E-02 
1.23E-01 
7.44E-03 
2.2oE-01 
9.41 E-05 
5.35E-01 
2. 87E-01 

BACK T)F 
DERMIS 

3.89E-04 
0.0 
0.0 
4.38E-02 
8.48E-05 
0.0 
0.0 
5.33E-04 
0.0 
5.9lE-01 
8.OCE-04 
3.00E-Of 
0.0 
0.0 
0.0 
6.17E-04 
5. 88E-05 
3.76E-03 
0.0 
0.0 
0.0 
2.30E-02 
3.89E-10 
0.0 
0.0 
0.0 
3.23E-03 
0.0 
0.0 
6.12E-03 
1.55E-01 
2.4CE-01 
3.62E-01 
3. 77E-01 
0.0 
4.08E-02 
0.0 
5.10E-04 
0.0 
1.26E-01 
6.34E-06 
3.56E-03 
5. 72E-03 
6.52E-02 
6. LIE-03 
6.51E-02 2.18E-07 

3 . l lE -01  
1.OTE-01 

AVERAGE OVER 
O E Q M I S  

2 42E-02 
1.46E-03 
1.15E-05 
2.28E-0 1 
1.09E-0 2 
0.0 
3 a51 E-0 5 
6.73E-02 
I.25E-05 
1.04E 00 
6.01E-03 3. WE-0  2 

0.0 
6 41 E-03 
5.6TE-03 
6.43E-02 
8.24E-0 2 
I .53E-02 
3.04E-04 
2.2 1E-0 2 

1 84E-0 1 
2.18E-02 
8.95 E-05 
4.64F-02 
2.56E-02 

1 .07~-02  

I e3 LE-32 
1.21E-03 
7 01 E-03 
1.21E-01 
4.46E-01 
5.85E-01 
7. SSE-0 1 
7.67 E-0 I 
1.97 E-0 2 
1.00E-01 
0.0 
6.56E-02 
0.0 
3.89E-01 
3.36E-02 
I 04E-0 1 

1.30E-01 
5.96E-02 

7.49E-03 

2. 87E-03 
S. TOE-0 1 

2.82E-01 

3 52E-0 1 

DEPTH 0s 
70 Y I t 3 O Y S  

9.795-02 
1.2OE-02 
9.59E-06 
6 .ZOE-01 
6.36E-02 
0.0 

2.56E-04 3.03E-01 

1.58E 00 
1.36E-01 
2.4SE-02 
0.0 
6.5 lE-02 
5.80E-02 
2.84E-01 

4.66E-02 
1.73E-03 

3.84E-02 

9-74’? - 02 
2.65E-04 

4 . 3 7 ~ - 0 3  

4.3 B E - 0 1  

7. 50E-02 

5 . t5E-01  

1.48E-01 
8.34E-02 
4.30E-02 

2.34E-02 

9.5LE-0 I 

1.3TE 00 

7.02E-03 

4.2t E-0 1 

1.15E 00 

1.39E 00 
6.86E-02 
1.96E-0 1 
0.0 
2.84E-01 
0.0 
8.62E-01 
1.58E-01 
4.25f-01 

2.16E-01 

7.14E-01 
1.54E-02 
9.45E-01 
8.22E - 01 

1.61E-0 1 

9.02E-03 



ELECTRON DOSE-RATE CONVERSIDN FACTORS FOR S K I N  FOP IMMERSION IN CONTAYIYATED A I R  
IN SVIYR PER e w ( c u 8 x c  CMI 

NUCLIDE 

81-214 
PQ-209 
PO-2 10 
PQ-2 1 1 
PO-212 
PO-2 13 
PO-214 
PO-2 15 
PO-2 16 
PO-2 18 
AT-211 
AT-217 
RN-2 18 
RN-2 19 
RN-220 
QN-222 
FR-221 
FR-223 
PA-222 
R 4-22.3 
RA-224 
RI-22 5 

RA-228 
AC-225 
IC-22 7 
4C-228. 
TU-226 
TH-227 
TH-2 28 
TH-229 
TU-230 
TH-23 1 
TH-232 
TH-233 
fH-234 
PA-230 
P4-231 
PA-233 
PA-234 
p4-234n 
U-230 
U-231 
U-232 
U-233 
U-234 
U-235 
U-236 
U-237 

~ a - 2 2 6  

HALF-LIFE 

19.9 M 
102 Y 

138.378 0 
0.516 S 

2.98E-7 S 
4.2E-6 S 

1.637E-f S 
l.778E-3 s 

0.146 S 
3.05 M 

7.214 H 

0.035 S 
3.96 S 

55.61 S 
3.8235 0 

21.8 M 
38.0 S 

0.0323 S 

4.8 M 

11.434 0 

14.8 0 
,1600 Y 
5.75 Y 
10.0 0 

21.173 Y 
6.13 H 
30.9 M 

18.718 0 
1.9132 Y 
7.34E3 Y 

7.7E4 Y 
25.52 H 

l.4OSElO Y 

24.10 0 

3.62 0 

22.3 M 

17.4 0 
3.276E4 Y 

27.0 0 
6.10 H 
1.17 M 

. 20.8 0 
4.2 0 

. 72 Y 
1.592E5 Y 
2.445E5 Y 
1.038E8 Y 

2.3415E7 Y 
6.75 D 

FQONT OF 
O E R M I S  

1.33E 00 
3.08E-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.20E-06 
0.0 
0.0 
9. 58E-03 
0.0 
0.0 
1.15E-02 
6.54E-01 
1.20E-03 
6.11E-02 
3.19E-03 
9.13E-02 
4.08E-03 
0.0 
1.68E-03 
0.0 
7.27E-01 
9.62E-03 

1.39 E-03 

4.39E-05 

7.58E-05 
7.79E-01 
1.54E-02 

9.lTE-03 
1.96 E-0  1 
b.33E-01 
1.75E 00 
4.25E-04 
8.93E-04 
1.36E-04 
2 25E-05 
8.21 E-05 
7.47E-03 
6.39E-05 
1. WE-01 

1. T4E-02 

2 90  E-02 

6.44E-02 

3.46E-02 

MIOPOlNT OF 
0EP.MIS 

6.89E-01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
5.43E-05 
0.0 
0.0 
0.0 
1.60E-01 
1 33E-06 
4.23E-05 
0.0 
1.08s-05 
0.0 
0.0 
0.0 
0.0 
2.49E-0 1 
0.0 
6.86E-08 
0.0 
0.0 
0.0 
6.91 E-08 
0.0 
2. 4?E-01 
0.0 
1 48 E-03 
2.2OE-Ob 
6.82E-05 
7.39E-02 
1.02E 00 
0.0 . 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

BACK OF 
DERMI S 

4 02E-0 1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.0 
0.0 
0.0 
0.0 

0.0  
0.0 
0.0 
0.0 
3.98E-02 
0.0 
0.0 
0.0 
0 .0  
0.0 
0.0 
0.0 
0.0 
I 05E-0 1 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 

0.0 

0.0 

7b79E-02 
0: 0 
3. l lE-05 
0.0 
0.0 
1.58E-02 
6.16E-01 
ob 0 
0.0 
0.0 . 
0.0 
0.0 
0.0 
0.0 
0.0 

AVEUAGE nvER 
O E @ Y l S  

7.49E-0 1 
4.68E-08 
0.0 
0 .o 
0.0 
0.0 

0.0 
0.0 
0.0 
9.61 E- 10 
0.0 
0.0 
2.42E-03 
0.0 
0.0 
1. 85 E-03 
2.22E-01 
3.i)lE-04 
1.53E-02 
5.96E-04 

4.90E-04 
0.0 
1.13E-04 
0.0 
3 .OQE-O 1 
3. T9E-04 
4.3bE-0 3 
2.36E-05 
4.26E-03 
2 .21E-O7 
1.61E-02 
2. 7lE-06 
3.04E-03 
1.92E-0 3 
6 .  WE-03 
2.29E-03 
4.90E-02 
1. STE-01 
1.OTE 00 

.2.65E-05 
I .49E-05 
5.22 E-06 
2.71 E-07 
2.55E-06 
1 .OlE-O3 
1 .%E-06 

ob 0 

2.28 E-32 

2.2 6 E-0 2 

OEPTH OF 
70 q I t R O Y S  

1.30E 00 
2.50E-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
8.44E-03 
0.0 
0.0 
9.30E - 03 
C. 16E-01 
1.09E-03 
4.97E-02 

’ 2. 71E-03 
7.10E-02 
3. L9E-03 
0.0 
5.25’-04 
0.0 
6.89’-01 
3.64E-03 
l.43E-02 
1. 26E-04 
1.75’-02 
0.0 
4.62E-02 
5.68E-05 
7.64E-0 I 
7.92E-03 
3.04E-02 
7. T8E-03 
1.63E-01 
5.34E-01 
1.72E 00 
1.43E-04 
6.95E-05 
7.0 4E -05 

3.64E-05 
1.13E-06 

4.96E-03 
?.90E-05 
7. 29E-02 



ELECTRON DOSE-RATE CONVERSICN FACTORS FOR SKIN FOR IMMERSION I N  CONTAMINATE0 A I R  
I"I S V I Y R  PER 0Q/(CUBIC CW 

NUCLIDE 

U-238 
U-239 
U-240 
NP-235 
NP-236 
NP-23 6M 
NP-237 
NP-238 
NP-239 
NP-240 
NP-24OM 
PU-236 
PU-237 
PU-238 
PU-239 
PU-240 
OU-241 
PU-242 
PU-243 
PU-244 
PU-245 
PU-24t 
AR-241 
AM-242 
AM-2 42M 
AM-243 

AM-245 

CM-242 
CM-243 
CY-244 
CM-245 
CM-246 
CM-247 
CY-248 
c u-249 
CM-250 
0K-249 
0U-250 
0K-2 5 1  
CF-248 
CF-249 
CF-250 
CF-251 
CF-252 
CF-253 
CF-254 
ES-253 

~ - 2 4 4  

an-24~.  

HALF-L IFE  

4.468E9 Y 
23.40 M 

396.1 0 
1.15E6 Y 

22.5 H 
2.14E6 Y 

2.117 0 
2.355 D 

6 5  M 
7.4 Y 

2.851 Y 
45.3 0 

87.75 Y 
24131 Y 

6537 Y 
11.4 Y 

3.758E5 Y 
4.956 H 

8.26E7 Y 

10.85 0 
432.2 Y 

14.1 H 

10.57 H 

16.02 H 
152 Y 

7.38E3 Y 
10.1 H 

122.4 M 
25.0 M 

163.2 0 
28.5 Y 

10.11 Y 
8.5E3 Y 

4.75E3 Y 
1.56E7 Y 
3.39E5 Y 

64.15 M 
6.9E3 Y 

3.222 H 
57.0 M 

333.5 0 
350.6 Y 
13.08 Y 

320 0 

9.OE2 Y 
2.639 Y 

60.5 D 
20.461 D 

17.81 D 

FRONT OF 
DERMIS 

5 04E-05 
7. C8E-01 
1.57E-01 
2.34E-06 
1 13E-01 
1.0EE-01 
2.99E-03 
3.97E-01 
2.42E-01 
5.42E-01 
1.22E 00 
0.0 
7.30E-05 
0.0 
0.0 
0.0 
0.0 
0.0 
2.36E-01 
0.0 
5 45 E-01 
2.9lE-02 
7.33E-05 
2.52F-01 
1. 75E-06 
1. WE-04 
2.91 E-0 1 
4. &E-01 
8.53E-01 
0.0 
1.01E-01 
0.0 
3.72E-02 
0.0 
1.77E-02 
0.0 
4.86E-01 
0.0 
3.15E-03 
5.02E-01 
6. E7E-01 
0.0 
2.18E-02 
1.71E-05 
1.67E-01 
1.61 E-05 
6.32F-02 
0.0 
0.0 

YIDPOINT OF 
DEP.MI S 

0.0 
2.37E-01 
6.85E-04 
0.0 
2.38E-06 
2. I5E-03 
0.0 

. 1.20E-01 
1.66E-03 
5.77 E-02 
5.96E-01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
6.99E-03 
0.0 
8.55E-02 
7.68E-07 
0.0 
1.48 E-02 
0.0 
0.0 
3.18E-02 
7.12E-02 
3.03E-01 
0.0 
0.0 
0; 0 
0.0 
0.0 
1.08E-04 
0.0 
8.2OE-02 
0.0 
0.0 
1.14E-01 
1.85E-01 
0.0 
7.49E-05 
0.0 
0.0 
0.0 
0.0  
0.0 
0.0 

BACK OF 
DERMIS 

0.0 
7.50E-02 
0.0 
0.0 
0.0 
2m49E-05 
0.0 
4. 0%-02 
7.05E-05 
5.18E-03 
3.15E-01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
5.10E-05 
0.0 
1.84E-02 
0.0 
0.0 
3.85E-04 
0.0 
0.0 
7.69E-03 
1.04E-02 
1 24E-0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.23E-02 
0.0 
0.0 
4.27E-02 
5.04E-02 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.0 
0.0 

AVER4GE W E R  
O E Q Y I S  

L.1OE-06 
2.9EE-0 1 
3.96E-0 2 
2.15E-08 
2 83 E-0 2 
1 99E-02 
1.99E-04 

4.1QE-0 2 
1.30E-01 
6.5QF-01 
0.3 
7.58E-07 
0.0 
0.0 
0.0 
0.0 
0.0 
4. GO€-3 2 
0.0 
1 5 1  E-0 1 
7.28E-03 

1 53F-0 1 

1.83E-06 
5.19E-02 
6.33E-39 
2.21 E-06 
7. LO€-02 
I .  30E-0 I 
3.6%-0 1 
0.0 
2.*5 E-02 
0.0 
3.906-03 
0.0 
4 .CTE-33 
0.1) 
1.3EE-0 1 
0.0 
1.73E-04 
1.67E-0 1 
2.46E-01 
0.0 
5.48E-03 
1.82E-07 
2.87E-02 
1.87E-07 
1.63E-02 
0.0 
0.0 

DEPTH OF 
70 MICQOYS 

1.26E-05 
7.33E-01 
? e  32E-01 
3.69E-08 
7.08E-02 

1.18E-03 
L 7 3 E - 0 1  
1.92E-01 
4 . 7 7 ~ 0 1  
1.19E 00 
0.3 
1.97E-06 
0.0 
0.0 
0.0 
0.0 
0.0 
2.07E-01 
0.0 
5.0 1 E - 0 1  
2.07E-02 
1.52E-05 
2.26E-01 
0.0 
2. OOE- 06 
2.3 LE-01  
4.4bE-01 
B e l l € - 0 1  
0.0 
7. TOE-02 
0.3 
2.46E-02 
0.0 
1.55E-02 
0.0 
4.53E-01 
0.0 
1.OSE-03 
k 6 8 E - 0 1  
6.52E-01 
0.0 
1.78E-02 
5.12E-07 
1.27E-01 
7.01E-07 
4.62E-02 
0.0 
0.0 

9.44E-02 



ELECTRON DOSE-RATE CONVEUSICN FACTORS FOR SKIN FOR 
I N  SV/Y*  PER BQ/(CUBIC C H I  

FRONT OF 
NUCL IOE HLLF-LIFE DERMIS 

E 5-254 275.7 D 7.03E-05 
ES-2 54Y 39.3 H 2.78E-01 
ES-255 39.8 0 5.46E-02 
FM-254 3.240 H 1.29E-04 
FM-255 20.07 H 1.89E-03 
FM-256 157.6 M 0.0 

I'IMERSION I N  CONTAMINATED A I R  

MIDPOINT OF 
DEPMI S 

0.0 
3.65E-02 
0.. 0 
0.0 
0.0 
0.0 

BACK ClF 
DERMIS' 

0.0 
8.09E-03 
0.0 
0.0 
0.0 
0.0 

AVER4GE OVER 
OEQWIS 

9.96E-01 
7.19E-02 
1.36E-02 
3.03E-06 
2.71 E-05 
0.0  

DEPfY  OF 
70 !4ICQOlVS 

3.28E-06 
2. +BE-01 
3.95E-02 
2.72E-05 
1.0 LE-04 
0.0 



220 

COSE-RATE CONVERSION FACTORS FOR S K I N  FCR IYMERSION I N  CONTAMINATED A I R  
I N  SV/YR PER P,O/(CUBIC C W  

V4LUES FOR ELECTRONS CORRESPOND TO A OEPTH OF 70 MICRONS 

NUCL I DE 

H- 3 
BE-7 
BE-10 
C-11 
C-14 
N-13 
N-16 
(?-15 
F -18  
NA-22 
Y A - 2 4  
MG-27 
MG-28 
AL-26 
AL-28 
S 1-31 
S 1-32 
P-32 
p-33 
5-35 
C L-36  
CL-38 
An-37 
AR-39 
A R - 4 1  
K-40 
Y-42 
K-43 

CA-45 
Cb-47 
CA-49 
SC-44 
SC-46 
SC-469 
sc-47 
S C - 4 8  
sc-49 

T I - 4 5  
T I - 5 1  
v - 4 8  
v-49 
V-52 
CP-49 
CR-51 
MN-5 2 
MN-52M 
MN-5 3 

cn-+L 

t r -44  

H4LF-L I FE 

12.28 Y 
53.44 Q 
1.6E6 Y 
20.48 M 

5.73E3 Y 
9.97 M 
7.13 S 

122.24 S 
109.74 M 

2.602 Y 
15.00 H 
9.458 M 
20.91 H 
7.2E5 Y 
2.240 M 
157.3 M 
3.3E2 Y 
14.29 D 

25.4 0 
87.44 D 

3.01E5 Y 
37.21 N 
35.02 Q 

2 6 9  Y 
1.827 H 

1.277E9 Y 
12.36 H 

22.6 H 
1.03E5 Y 

162.7 0 
4.536 0 
8.719 M 
3.927 H 
83.80 Q 
18.72 S 
3.422 0 
43.61  n 

57.4 M 
47.3 Y 
3.08 H 

5.752 N 
15.971 0 

330 D 
3.75 n 

42.09 M 
27.704 0 

5.591 0 
21.4 M 

3.7E6 Y 

PHOTON 

0.0 
8.96E-02 
0.0 
1.85E 00 
0.0 
1.85E 00 
9.59E 00 
1.85E 00 
1.79F 00 
4.05E 00 
8.37E 00 
1.71E 00 
2.56E 00 
5.20E 00 
3.54E 00 
1.66 E-03 
0 . 0  
0.0 
0.0 
0.0 
L. 38F-07 
3.04E 00 
2.19E-05 
0.0 
2.40E 00 
2.92E-01 
5.21F-01 
1.77E 00 
5.09E-05 
2.12E-10 
1.99F 00 
6.6LE 00 
3.96F 00 
3.83F 00 
1.55E-01 
1 87E-01 
6.37E 00 
2.06E-03 
2.32E-01 
1.58E 00 
60 58E-01 
5.49E 00 
1 53 E-04 
2.7LE 00 
1.88E 00 
5.54E-02 
6.51E 00 
4.45E 00 
2.83E-04 

ELECTRON 

0.0 
0.0 
2.86E-01 
7.02E-01 
5.88E-03 
9044E-01 
6.07E 00 
1.50E 00 
3.81 E-01 
2.85 E-01 
1.08E 00 
1.42E 00 
1.8OE-01 
7.67 E- 0 1 
2.66E 00 
1.17E 00 
2.2 1 E-02 
1.40E 00 
3.86E-02 
7. F4E-03 
3.94E-01 
3.35E 00 
0.0 
3.29 E-0 1 
8.78E-01 
8.74E-01 
3.10E 00 
5.20E-01 
0.0 
4.04 E-02 
6 .  10E-01 
1.81E 00 
1.19E 00 
1 0 LE-01 
4.09E-02 
2.05E-01 
3. 29'2-01 
?.69E 00 
6.89E-06 
70 0 LE-01 
1.79E 00 
2.45 E-01 
0.0 
2.26E 00 
1.19E 00 
0.0 
1.10E-01 
2.41E 00 
0.0 

TOTAL 

0.0 
8.96E-02 
20 86E-01 
2.55E 00 
5.88E-03 
2.79E 00 
1.57E 01 
3.34E 00 
2-17!! 00 
4.33E 00 
9045E 00 
3.12E 00 
2.74E 00 
5.96E 00 
6.20E 00 
1.18E 00 
2.21E-02 
1.4OE 00 
3.86E-02 
7.54E-03 
3 94E-0 1 
6 0 3 9 E  00 
2.19E-05 
3.29E-01 
3.28E 00 
1.17E 00 
3.62E 00 
2.29E 00 
50 09E-05 
4.04E-02 
2.60E 00 
8e42E 00 
5.16E 00 
3.93E 00 
1 96E-01 
3.93E-01 
6.7OE 00 
1.69E 00 
2.32E-01 
2.28E 00 
2.45E 00 
5.74E 00 
1 53E-04 
4.96E 00 
3.07E 00 
5.54E-02 
6.62E 00 
608dE 00 
2 83E-04 

I 
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DOSE-RATE CONVERSION FACTORS FOR SKIN FOR I M M E R S I O N  I N  CONTAMINATED A I R  
T N  s v m  PER Bcvtcuexc cca 
VALUES FOR ELECTRONS CORRESPOND T@ A OEPfH OF 70 MICRONS 

NUCCIFE 

. MN-54 
HN-56 
MY-57 
FE-52 
FE-55 
FE-59 
CO-56 
CO-5 7 
Cq-58 
CO-58M 
CO-60 
C 0-6 OM 
CO-61 
NI-56 
N 1-57 
NI-59 
N 1-63 
N I  -65 
CU-61 
CU-62 
CU-64 
CU-67 
ZN-62 
ZN-65 
ZY-69 
ZN-69H 
G A-66 
GA-67 
GA-68 
GA-72 
GE-68 
GE-71 
GE-77 
AS-72 
AS-73 
AS-74 
AS-76 
AS-77 
SE-73 
SE-75 
SE-79 
8R-77 
8R-80 
BR-80M 
85-62 
BR-83 
8R-84 
BR-85 
KR-79 

HALF-L I FE 

312.7 0 
2.5785 H 

1.47 M 
8.275 H 

2.7 Y 
44.63 0 
78.76 0 
270.9 0 
70.80 0 
9.15 H 

5.271 Y 
10.47 H 
1.650 H 

6.10 0 
36.08 H 
7.5E4 Y 
100.1 Y 
2.520 H 
3.408 H 

9.74 Y 
12.701 H 
61.88 0 

9.26 H 
244.4 0 

55.6 H 
13.76 H 
9..40 H 

3.261 0 
68.0 M 
14.1 H 

11.8 0 
11.30 H 

26.0 H 

11.77 Q 
26.32 H 
38.8 H 
7.15 H 

119.78 0 

288 0 

80.30 0 

6.5E4 Y 
57.04 H 

17.4 H 
4.42 H 

35.30 H 
2.39 H 

31.80 H 
172 S 

35.04 H 

PM3TOY 

1.60E 00 
3.35E 00 
1033E-01 
1.32E 00 
3. 72E-04 
2.24E 00 
7009E 00 
2.09E-01 
1.85E 00 
5.39E-04 
4.70E 00 
8.58E-03 
1.58E-01 
3.21E 00 
3.62E 00 
6.26E-04 
0.0 
1.03E 00 
1.50F 00 
1.82F 00 
3.43E-01 
1.98E-01 
8.20E-01 
1.10E 00 
1 07 E-0 5 
7-45 E - 0 1  
4.%E 00 
2.53E-01 
1.72E 00 
5.40F 00 
1.46E-03 
1 48 E-03 
1.95E 00 
3.34E 00 
1 24E-02 
1041E 00 
8oOLE-01 
1.52E-02 
1.96E 00 
6. 76E-01 
0.0 
5.7LE-01 
1.38E-01 
2.24E-02 
4.97E 00 
1036E-02 
3.60E 00 
1.27E-01 
4.58E-01 

EL E t  f R  ON 

0.0 
1.71E 00 
2.33E 00 
3.42E-01 
0.0 
1.17E-01 
2.39E-01 
2.61 E-03 
4.19E-02 
0.0 
7021E-02 
2.80E-03 
8.74E-01 
2. 1 5 E 0 3  
2.47E-01 
0.0 
0.0 
1.26E 00 
5.93E-01 
2.76E 00 
1.81E-01 
1. 64E-0 1 
3.14E-02 
2.0912-03 
5.56E-01 
4.07E-02 
2.1OE 00 
2.llE-03 
1.52E 00 
9. 67E-01 
0.0 
0.0 
1.30E 00 
2.20E 00 
0.0 

2.27E 00 
30 50E-01 
7.38E-01 
4.01 E-03 
7.97E-03 
3.23E-03 
1.49E 00 
0.0 
1.52E-01 
5 . 5 5 E 0 1  
2.70E 00 
2.12E 00 
3.OSE-02 

5. ooE-oi 

TOT A L 

1060E 00 
5.06E 00 
2047E 00 
Io66E 00 
3.72E-04 
2036E 00 
7.33E 00 
2.12E-0 1 
1089E 00 
5.39E-04 
4.78E 00 
1.14E-02 
1.03E 00 
3.21E 00 
3.87E 00 
6. 26E-04 
0.0 
2.30E 00 
2.09E 30 
4.58E 00 
5. 24E-01 
3.62E-01 
8. 52E-01 
1. LOE 00 
5. 56E-01 
7.85E-01 
7.04E 00 
2.55E-01 
3.25E 00 
6037E 00 
1046E-03 
1 48E-03 
3.26E 00 
5054E 00 
1024E-02 
1091E 00 
3007E 00 
3. 65E-01 
2.70E 00 
6 80E-0 1 
7 97E-0 3 
5.74E-01 
1062E 00 
2.24E-02 
5.13E 00 
5.68E-0 1 
6030E 00 
2024E 00 
4.88E-01 
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DOSE-RATE C@NVERSION FACTORS FOR SKIN FOR I Y M E R S I O N  I N  CONTAHINATEQ A I R  
T N  S V ~ Y R  PER BQ~(CUBIC cni  

VALUES FOR ELECTRONS CORRESPOND TO A DEPTH OF 70 VICRONS 

WUCL I DE 

KR-8 1 
KR-83H 

KR-85Y 
KR-87 
K9-88 
K R - 8 9  
KR-90 
R 8-8 1 
RB-82 
R 8 - 3 3  
R8-84 
R 8-8 6 

R 8-88 
RB-89 
R 8-90 
P 8-90Y 
SQ-82 
SR-85 
SR-85M 
SR-87N 
SR-89 
S9-90 
SR-9 1 
SR-92 
Sa-93 
Y-86 
Y-87 
Y - 8 8  
Y-90 
Y-9OM 
Y-91 
Y-91Y 
Y -92 

Z R - 6 6  
2Q-88 
29-09 
ZR-9 3 
2R-95 
ZR-97 
N8 -90 
NB-91 
N8-91M 
N 8-9 2 
Y8-92M 
NB-93M 
NB-94 

~ ~ - 8 5  

a 8-8 7 

Y-93 

HALF-LIFE 

2.1E5 Y 
1.83 H 

10.72 Y 
4.48 H. 
76.3 H 
2.84 H 
3-16 M 

32.32 S 
4.58 H 
1.25 H 
86.2 D 
32.9 Q 

18.66 0 
4.73E10 Y 

17.8 Y 
15.44 H 

157 S 
258 S 

25.0 0 
64-64 D 
67.66 M 
2.805 H 
50.55: Q 

20.6 Y 
9.5. H 

2.71 H 
7.3.M 

14.74 H 
80.3 H 

106.60 D 
64.1- H 
3.19 H 

58.51 Q 
49.71 M 

3-54 H 
10.1 H 
16.5 H 
83.4 Q 

78.43 H 
1.53E6 Y 
64.02 0 
16.90 H 
14.60 H 

1E4 Y 
6 1  D 

3.6E7 Y 
10.15 0 

14.6 Y 
2.03E4 Y 

CHOTOfil 

2.01 E-02 
1.16E-03 
4.04 E-03 
2.73E-01 
1.58E 00 
4.WE 00 
3.60E DO 
2.42E 00 
1.09E 00 
1.99E 00 
9.10E-01 
1.69E 00 
1 80E-01 
0.0 
1.286 00 
4.08E 00 
4.406 00 
6.55E 00 
3 0 94 E-03 
9.29E-01 
3.73E-01 
5 68E-0 1 
2.62 E-04 
0.0 
1.31E 00 
2.50E 00 
4.296 00 
6.896 00 
8.28E-01 
5.33E 00 
0.0 
1 . 1 3 E  00 
6. 80E-03 
9.71E-01 
4.78F-01 
1. 72E-01 
4.89F-01 
6.84C-01 
2.2OF 00 
0.0 ~ 

1039E 00 
3.4OE-01 
8.326 00 
8.97E-03 
8.56E-02 
2 . 8 3 E  00 
1.856 00 
1.16E-03 
2.99E 00 

EL EC TRON 

0.0 
0.0 
4.12501 
4.23E-01 
2.86E 00 
6.6LE-01 
2.95E 00 
2.82E 00 
3.46E-01 
3.04E 00 
0.0 
30 17E-01 
1.36E 00 
4.47E-02 
4.64E 00 
2.1bE 00 
4-38E 00 
3.02E 00 
0.0 
5 98 E-03 
1.87  E-03 
1.17E-01 
1.17E 00 
2.89E-01 
1.32E 00 
2.90E-01 
1.88E 00 
4.SlEOl  
2.53E-03 
1.40E-03 
1.98E 00 
8.36E-02 
1.22E 00 
5.2OE-02 
3.17E 00 
2-53E 00 
I 37E-02 
1.83GOt 
1.8lE-01 
0.0 
lo12E-01. 
l.41E 00 
7.32EOl 
1.18E-04 
1.16E-02 
2.76E-03 
0.0 
0.0 
1.74E-01 

T O t A L  

2.016-02 
I 16E-03 
4.16E-01 
6.96E-01 
4.44E 00 
4066E 00 
6.56E 00 
5.23E 00 
1.44E 00 
5004E 00 
9. LOE-01 
2001E 00 
1.54E 00 
4.47602 
5.92E 00 
6.24E 00 
8.77E 00 
9.57E 00 
3- 94E-03 
9.35E-01 
3.81 E-01  
6.85E-01 
1.17E 00 
2.89E-01 
2063E 00 
2.79E 00 
6.17E 00 
7.34E 00 
8 3OE-0 1 
5.33E 00 
1.98E 00 
1.21E 00 
1.22E 00 
loO2E 00 
3.65E 00 
2.71E 00 
5 O3E-0 1 
7 0 03E-0 1 
2.38E 00 
0.0 
1.50E 00 
1.75E 00 
9.06E 00 
9.08E-03 
9.72E-02 
2.83E 00 
1085E 00 
1-16E-03 
3.17E 00 
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DOSE-RATE CONVER5ION FACTQRS FOR SKlN FOR IYYFRSION XN CONTAMINATE0 b l R  
I N  SV/YR PER BQ/(CUBIC CCB 

V ~ L U E S  con 

NUCL 1 OE 

NB-94M 
NB-95 
NB-95M 
NB-96 
YB-97 
NB-9?* 
40-91 
MO-93 
40-99 
MO-101  
TC-95 
TC-95M 
TC-96 
f C  -96M 
TC -9 7 
fC-97M 
TC-98 
TC-99 
TC-99M 
TC-101 
RU-97 
RU-103 
RU-LO5 
RU-106 
RH-103M 
RH-105 
PH-105M 
RH-106 
PO-LO3 
00-1 0.1 
PO-109 
AG-lO6W 
AG-108 
bG- 10 8M 
bG-109M 
AG- 110 
AG-1 LOW 
AG-111 
CO-109 
C O - l I 1 Y  
CO-113 
CO-1 1 3 M  
co-115 
CO-1 LSM 
to-1 17 
C0-117M 
IN-111 
IN-113M 
IN-1 14 

ELECTRClNS C09RESPrJNO TO d OEPTH OF 70 q l C R O N S  

HLCF-1 I FE 

6.26' M 
35.06 0 

86.6 H 
23.35 H 

72.1 Y 
60 S 

15.49 M 
3.5E3 Y 
66.02 H 
14.61 Y 

20.0 H 

4.28 0 
51.5 M 

2.6E6 Y 

6 1  0 

89 0 
4.2E6 Y 

20'13E5 Y 
6.02 H 
L I .2  H 
2.9 D 

39.35 0 
4.44 H 

368.2 0 
56.119 M 
35.36 H 

45 s 
29.92 S 

16.961 0 
6.5E6 Y 

13.0453 H 
8.46 0 
2.37 H 

' .  127 Y 
39.6 S 

24.57 S 
249.85 0 

7.46 0 
464 0 

48.7 H 
9.3E15 Y 

13.7 Y 
53.46 H 

44.6 0 
2.49 H 
3.36 H 
2.83 0 

1.658 H 
71.9 S 

PHO'ON 

1 24E-02 
1.45F 00 
1.07E-01 
4.66E 00 
?.24€ 00 
1.38E 00 
1.77F 00 
6.48E-03 
2.89E-01 
2.86F 00 
1.5OE 00 
1.24E 00 
4.76E 00 
8.24E-02 
7. &E-03 
6.70E-03 
2.63E 00 
8.85E-07 
2.18E-01 
6 06E-0 1 
4.  03E-01 
8.75E-01 
1.46E 00 
0.0 
1.20E-03 
1.36E-01 
5.2OE-02 
3.82E-01 
1.07E-02 
0.0 
1 25F-03 
5.24E 00 
3.24E-02 
2.98E 00 
1.19E-02 
5.7FE-02 
5.17E 00 
4.64 E-02 
1.18E-02 
4.89E-01 
0.0 
0.0 
3.69E-01 
4.16€-02 
2.05F 00 
4003E 00 
6.83E-01 
4.57E-01 
5.86E-02 

ELECTRON 

3.93E-03 
6.88E-03 
2.63E-01 
4.OOE-.OL 
8.87E-01 
2.90E-02 
3.15E 00 

7.21E-01 
1 . O l E  00 
1.82E-03 
I .  0 1E-02 
1.91,E-03 
0.0 

5.43E-03 
I; 21E-01 
5.42E-02 
7.70E-03 

O ? O  

0.. 0 

8; 98E-01 
9.01 E-03 
3.8lE-02 
7.40 E- 0 1 

0.0 
1.92E-01 
4.75E-02 
3.06E 00 
0.0 

C.47E-01 
5.49E-03 

0.0,  

0 .0.  

1.21E 00 
1 09 E-02 
2.33E-03 
2.53E 00 
6.87E-02 
6.23E-01 
0 . 0 . .  
8.54E-02 
C.92E-02 
2.56 E-01 
5.39E-01 
1.20E 00 
8.OTE-01 
3.00E-01 
3.19E-02 
2032E-01 
1.58E 00 

V T A  L 

1 63E-02 
1.4tE 00 
3. 7OE-01 
5.06E 00 
2.13E 00 
1.4LE. 00 
4.93E 00 
6.48E-03 
1.01E 00 
3.87E 00 
1.50E 00 
1.25E 00 
4.77E 00 
8.24E-02 
7. 46E-03 
I. Zl€-02  
2.75E 00 
5.42E-02 
2.25E-01 
1.50E 00 
4.12E-01 
9.13E-01 
2.20E 00 
0.0 
1.20E-03 
3. 28E-0 1 
9.94E-02 
3.44E 00 
1, 07E-02 
0.0 
6. 48E-01 
5.25E 00 
1.25E 00 
2.99E 00 
1.42E-02 
2.58E 00 
5.24E 00 
6.70E-01 
1. 18E-02 
5.74E-01 
6.92E-02 
2. 56E-01 
9.09E-0 1 
1.24E 00 
2.85E 00 
4.33E 00 
7.15E-0 1 
6.88E-0 1 
1.64E 00 
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DOSE-QAT€ CONVERSION FACTORS FOR SKIN FCR IMMERSION I N  CONTAMINATED A I R  
I N  S V f Y R  PER BQ/(CUSIC C Y 1  

VALUES FOR ELECTRONS COSPESPOND TQ a OEPTH OF 70 MICRONS 

NUCL I DE 

I N-l l4M 
Ihl-115 
I N - l l 5 H  
IN-1 16H 
IN-117 
TN-117M 
SN-113 
SN-117M 
SN-119M 
SN-123 
SN-125 
SN-126 
S B - 1 1 7  
58-122 
58-124 
SB-125 
SB-126 
SR- 126Y 
S8-127 
58-129 
TF-121 
TE-12 1 Y  
TE-123 
TE-123M 
TE-125M 
TE-127 
T E-1 2 7M 
TE-129 
TE-129M 
TE-131 
TE-131H 
TE-132 
TI?-1 33 
TE-133H 
YE-134 
1-122 
1-123 
1-124 
1-125 
1-126 
1-128 
I -129  
1-130 
1-131 
1-132 
1-133 
1-134 
1-135 
1-136 

HALF-LIFE 

49 .51  0 
4.6E15 Y 

4-56 H 
54.15 Ma 

43.8 M 
116.5 Y 
115.1 D 
13.60 0 
293.0 I! 
129.2 0 

9.64 0 
1.OE5 Y 

2.80 H 
2.70 Q 

60.20 0 
2.77 Y .  
12.4 D 
19.0 M 
3.85 D 
6.40 H 
16.8 Q 

154 Q 
LE13 Y 

119.7 0 
58, 0 

109 0 
9035.H 

69.6.M 
33.6 0 
25.0 H 

30  H 
78 .2  H 

12.45 M 
55.4 H 
41.8 H 
3.62 M 

13.13 H 
4.18 0 

60.14 0 
12.93 0 
24.99 H 

1.57E7 Y 
12.36 H 
8.040 0 
2.30 H 
20.8 H 
52.6 M 
6 - 4 1  t i  

8 3  5 

PHOTOY 

1.68E-01 
0.0 
2.84E-01 
4.69E 00 
1.25F 00 
1. %E-01 
2. *2E-02 
2.58E-01 
9.79E-03 
1 3 1  E-02 
5 86E-01 
8. TIE-02 
3 O6E-0 1 
8.16E-01 
3.58E 00 
7.7CE-01 
5.14E 00 
2.92F 00 
1.23F 00 
2.73E 00 
1.WE 00 
3.  69E-01 
1. t2E-02 
2.45E-0 1 
3.47F-02 
8.60E-03 
1.llE-02 
1 00E-01 
6.69E-02 
7 65E-0 1 
2.7OE 00 
3. 84E-01 
I.72E 00 
4.23E 00 
1.60E 00 
1.77E 00 
2.82 E-01 
1.99E 00 
4..08E -02 
8 . 4 9 6 0  1 
1.36E-01 
2. 64E-02 
3.98E 00 
6.78E-01 
4.33E 00 
1 . L l E  00 
5.01E 00 
3.01E 00 
4099E 00 

ELECTRON 

1.59E-01 
1.85E-01 
2.82 E-01  
5.15E-01 
4oOSE-01 
8.31E-01 
0.0 
1.13E-01 
0.0 
1.04E 00 
1.71E 00 
3.28E-02 
l o  99E-02 
l .12E 00 
7.00E-01 
8 5 t  E-02 
5.23E-01 
1.19E 00 
5.41E-01 
6.46E-01 
5.03E-03 
1.65E-02 
0.0 
1.69E-02 
1 67E-02 
3.39E-01 
1.OOE-02 
1.02E 00 
4.39E-01 
?.42E 00 
2.47E-01 
4.21E-02 
l . l O E  00 
1.42E 00 
l e  28E-01 
2.23E 00 
1.4SE-02 
4.08 E-0 1 
0.0 
2.31E-01 
1.56E 00 
3 . 5 3 5 0 3  
4.8OE-01 
2. 61E-01 
9. 39E-01 
7. 58E-01 
1.21E 00 
6069E-0 1 
4.51E 00 

TOTAL 

30 26E-0 1 
1085E-01 
5 66E-0 1 
5.21E 00 
1.65E 00 
9. 87E-0 1 
2. 42E-02 
30 72E-01 
90 79E-03 
1 0 0 6 E  00 
2029E 00 
1020E-01 
3- 25E-0 1 
1.93E 00 
4.28E 00 
80 62E-0 1 
5o67E 00 
4.11E 00 
1.77E 00 
3.37E 00 
1004E 00 
3.8SE-01 
1.22E-02 
2.62E-0 1 
50 13E-02 
3.48E-01 
2. l lE -02  
1.12E 00 
5006E-0 1 
2019E 00 
2.94E 00 
40 26E-0 1 
3.42E 00 
5.65E 00 
1-73E 00 
4.00E 00 
2.96E-01 
2.4OE 00 
4.08E-02 
1.08E 00 
1.70E 00 
3.00E-02 
4046E 00 
9 39E-0 1 
5027E 00 
1 o 8 f E  00 
6.22E 00 
3068E 00 
9.50E 00 
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COSE-RATE CONVERSION FACTORS FOR S K I N  FOR I M M E R S I O N  I N  CONTAMINATED A I R  . 
IN SVIYR PER 8 w t c u R I c  CCI 

VALUES FOR ELECTRONS CQRPESPOND TO A OEQTH OF 10 'Y'ICRONS 

NUCLIDE 

XE-122 
XE-123 
XE-125 
XE-127 
XE-129M 
XE-13 1 M  
XE-133 
XE-133Y 
XE-135 
XE-13% 
XE-137 
XE-138 
CS-126 
C 5-129 
CS-131 
CS-132 
C S - 1 3 4  
C S-134Y 
CS-135 
CS-136 
CS-137 
CS-138 
CS-139 
8 A-'13 1 
BA-133 
84-1 33H 
B A-'1 3 5H 
BA-137Y 
EA-139 
8A-140 
EA-141  
BA-142 
LA-140 
L A - 1 4 1  
L A - 1  4 2  
CE-139 
CE-141  
CE-143 
C E-1 4 4  
PR-142 
O R - 1 4 3  
PR-144 
PR-1449 
NO-147 
NO-149 
PH-143 
PH-144 
PH-145 
PY-146 

HALF-LIFE 

20.1 H 
2.14 H 
16.8 H 

36.406 0 
8.89 0 

1 1 - 6 4  D 
5.245 D 

2.19 D 
9.11 H 

15.36 H 
3.83 Y 

14.13 H 
1-64 H 

32.06 H 
9.688 Q 
6.475 D 
2.062 Y 

2.90 H 
2.3E6 Y 
13.16 0 
30.17 Y 
32.2 M 
9.40 H 
11.8 D 
10.5 Y 
38.9 H 
28.7 H 

2.552 M 
83.1 M 

12.789 D 
18.27 H 
10.70 H 
40.22 H 

3.94 ti 
95.4 H 

137.66 D 
32.50 0 
33.0 H 

284.3 0 
19.13 H 
13.56 0 
17-28 M 

7.2 M 
10.98 0 

1.73 H 
2 0 5  0 
3 6 3  0 
17.7 Y 
2 0 2 0  D 

PHOTON 

1.17E-01 
1.15E 00 
4.50E-01 
4.65E-01 
6.08E-02 
2. 31E-02 
6.72F-02 
5.97E-02 
4.32E-01 
70 80E-01 
3.43E-0 1 
2.23E 00 
2.05E 00 
4.8OE-01 
2.39E-02 
1.32E 00 
2.92E 00 
3 9 5  E-02 
0.0 
4.09E 00 
0.0 
4 0 5 6 E  00 
5.97F-01 
8.26E-01 
6. 62E-01 
1.06E-01 
9.48E-02 
1.12E 00 
6.10E-02 
3.40E-01 
1.64E 00 
1.69E 00 
4.42E 00 
8.04E-02 
5.53E 00 
2.62E-01 
1.30E-01 
4. 77E-01 
3.15E-02 
1. 11F-01 
1 69E-08 
6.396-02 
1 40€-02 
2 43E-0 1 
6.73€-01 
5. 7SF-01 
2.8?€ 00 
4.07E-02 
1.38E 00 

EL EC TP ON 

1.66E-03 
3.19E-01 
2.14E-02 
2.34E-02 
1.84E-01 
1.13E-01 
8.23E-02 
2.52E-01 
5.38E-01 
1.82E-01 
3.91E 00 
1.25E 00 
2.91E 00 
5 .  74E-03 
0.0 
1.26E-02 
2.31 E-01 
4.13E-02 
1 56 E-02 
1.12E-01 
2.26E-01 
2.62E 00 
3.64E 00 
1.79E-02 
1 . 3 4 5 0 2  
3. l l .E-01 
3.03 E-01 
1 26E-01 
1.8.7E 00 
4 0 6 3 E - 0 1  
1.76E 00 
8.575001 
1.03E 00 
1.99E 00 
1.77E 00 
1 84E-02 
1.80E-01 
7. 68E-01 
5.53E-02 
1.72E 00 
5.46E-01 
2.59E. 00 
0.0, 
3.68E-01 
8.69E-01 
1 99 E-03 
1.57 E-02 
7.26 E-08 
1.53E-01 

TOTAL 

1 19E-0 1 
1.46E 00 
4. 71E-01 
4.89E-01 
2.45E-01 
l o  36E-0 1 
I 50E-0 1 
3. 1ZE-01 
90 69E-01 
9.62E-01 
4.25E 00 
3.47E 00 
4.9bE 00 
4. 86E-01 
2.39E-02 
1.33E 00 
3015E 00 
8.08E-02 
1o5CE-02 
4020E 00 
2.26E-01 
7018E 00 
4 0 2 4 E  00 
8.44F-01 
60 76E-01 
4.17E-01 
3. 97E-0 1 
1.21E 00 
1093E 00 
8.03E-01 
3.4OE 00 
2.55E 00 
5045E 00 
2.07E 00 
7o30E 00 
2.80E-01 
3.10E-0 1 
1 0 2 5 E  00 
8.68E-02 
1.83E 00 
5. 46E-01 
2066E 00 
I. M E - 0 2  
6 . l l E - 0 1  
1 0 5 4 E  00 
5 0  TIE-01 
2.89E 00 
4.07E-02 
1.54E 00 
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DOSE-RATE CONVERS ION FACT-S FOR S K I N  FOR IYHERSION I N  CONTAMINATED A I R  
I N  S V / Y R  PER 8Ol!CUBlC C C I  

VALUES FOR ELECTRONS CORRESPOND TO A PEPTH OF 70 PICRIJNS 

NUCL I D E  

PM-147 
PY-148 
PY-148H 
PY-149 
PM-15 1 
SY-147 
SY-15 1 
s Y-153 
EU-152 
EU-15 2H 
EU-154 
EU-155 
EU-156 
GD-152 
GQ- 153 
GO-159 
GO-162 
18-1 5 7 
18-160 
18-162 
QY-157 
DY-165 
DY-166 
HO-166 
HO-166H 
ER-169 
E4-171 
TY-1 70 
TY-171 
Y8-169 
Y8-175 
LU-177 
lU-177M 
HF-181 
TA-182 
w-181 
W-185 
W-187 
w-188 
RE-182 
RE-182M 
RE-183 
RE-184 
RE-1 84H 
PE-186 
RE-187 
RE-188 
OS-185 
OS-L 86 

HALF-LIFE 

2.6234 Y 
5.37 D 
41.3 0 

53.08 H 
28.40 H 

1.069El1 Y 
90 Y 

46.7 H 
13.6 Y 
9.32 H 
8.8 Y 

4.96 Y 
15.19 D 

l . lE14  Y 
241.6 D 
18.56 H 

9.7 H 
150 Y 

72.3 0 
7.76 H 
8.06 H 

2.334 H 
81.6 H 

26.80 H 
1.20E3 Y 

9.40 D 
7.52 H 

128.6 0 
1.02 Y 

31.97 0 
4.19 D 
6 -71  0 

160.10 0 
52.39 D 

114.74 0 
120.95 0 

75.1 D 
23.83 H 

69.4 D 
64.0 H 
12.7 H 

70 D 

L t 9  0 
38.0 0 

90.64 H 
4.7E10 Y 

16.98 H 
93.6 D 

2.OE15 Y 

PHOTON 

5.97E-06 
1.08E 00 
3.7OE 00 
2.06E-02 
5.97 E-0 1 
0.0 
6.22E-06 
9. SSE-02 
2.14E 00 
5 94 E-01 
2.36F 00 
9. 94E-02 
2.64E 00 
0.0 
1.68E-01 
6.85E-02 
7. 55E-01 
5.92E-03 
2.04E 00 
2.05E 00 
6.04F-01 
4.50E-02 
6. ?1 E102 

2.96E 00 
5. 13E-02 

6 0 86 E-06 
6 47E-0 1 
8.43E-03 
1 03E-03 
5. L O € - 0 1 ,  
6091E-02 
5.96E-02 
1.7ZF 00 
90 68E-01 
2.42E 00 
6 0 19 E-02 
4.56E-05 
8.75E-01 
3 05E-03 
3.20E 00 
2024E 00 
2.53E-01 
1.68E 00 
I .  OLE-01 
3.46E-02 
0.0 
1. *E-01 
1.31E 00 
0.0 

ELECTRON 

i . 20E-02 
lo48E 00 
2. OL E-01 
6.56E-01 
4077E-01 
0.0 
0.0 
3.42 E-01 
1.60E-01 
90 83E-01 
3. 7lE-01 
8.63E-03 
7.31 E-0 1 
0.0 
1.30E-03 
5.37E-01 
5. 65E-0 1 
0.0 
3.53E-01 
9.37E-01 
5.58E-03 
8.29E-01 
1.18E-01 
1.37E 00 
9. 23 E t 0 2  
8.06E-Dt 
6.57E-01 
5. 46E-01 
4.38E-05 
4.14E-02 
l o  52 E-01 
1. SSE-01 
1. 13E-01 
1 63E-0 1 
1046E-01 
0.0 
1 9  34E-01 
4. 47E-01 
8.08E-02 
6.llE-02 
3. 60E-02 
lo60E-02 
1 60E-02 
1.77E-02 
5.87E-0 1 
0.0 
1.58E 00 
1.09E-02 
0.0 

TOTAL 

2.ZOE-02 
2056E 00 
3 e - E  00 
6.  77E-01 
1.07E 00 
0.0 
6022E-06 
4.37E-01 
2.30E 00 
1.58E 00 
2.73E 00 
1.08E-01 
3.37E 00 
0.0 
1 7OE-0 1 
6.06E-01 
1.32E 00 
5. 92E-03 
2.39E 00 
2099E 00 
6009E-01 
8. 74E-01 
1.79E-01 
1043E 00 
3.06E 00 
8. 06E-02 
1.30E 00 
5. 54E-0 1 
1 07E-03 
5.52E-01 
2. l lE -01  
2.15E-01 
1.83E 00 
1.13E 00 
2.56E 00 
6.  19E-02 
1.34E-0 1 
1032E 00 
80 39E-02 
3.26E 00 
2.27E 00 
2 0 69E-0 1 
lo7OE 00 
7. 19E-01 
6. 21E-01 
0.0 
1.69E 00 
1.32E 00 
0.0 

1 
-1 

1' 
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DOSE-RATE C W N V E R S I ~ N  FACTORS FOP S K I N  FOR I Y H E R S I O V  I N  COFITAHINATEO A I R  
I N  S V / Y R  PEP B Q / ( C U B I C  Cut 

VALUES FPQ ELECTQrJYS CCQPESPnNO Tn A DEPTH OF 70 q I C O O Y S  

NUCL ID€ 

OS-1904 
OS-191 
OS-191M 
0.5-193 
!a-190 
I R-190M 
19-19OY 
IR- I92  
IQ-193H 
T R-194 
IQ-194Y 
PT-191 
P T - 1 9 3  
PI-19 3M 
PT-195H 
PT-197 
PI-1974 
4U-194 
AU-195 
AU-195u 
tu-196 
AU-198 
AU-199 
HG-197 
HG-19 7Y 
HG-203 
TL-200 
TL-201 
TL-202 
TL-204 
TL-207 
TL-208 
TL-209 
TL-2 10 
PB-203 
PB-204M 
PB-205 
PR-209 
PB-210 
PR-211 
PR-212 
PFI-214 
9 1-206 
91-207 
61-208 
91-210 

81-212 
8 r - z ~ ~  

81-213 

HALF-LIFE 

s.9 H 
15.4 0 

13.03 H 
30.0 H 

1 1 - 7 8  0 
1.2 H 
3.2 H 

74.02 0 
11.9 0 

1 7 1  0 
2.71 0 

50  Y 
4.33 0 
4.02 0 
18.3 H 
94.4 H 
39.5 H 

183 0 

19-15 H 

30.6 5 
6.183 0 
2.696 0 
3.139 0 
64.14 H 

23.8 H 
46.tO 0 

73.06 H 
12.23 0 
3.779 Y 

4.77 Y 
3.053 H 
2.20 Y 
1-30 Y 

52.02 H 
66.9 '4 

1051E7 Y 
3.253 H 
22.26 Y 

36.1 Y 
10.643 H 

2t.8 4 
6.243 0 

3 3 . 4  Y 
3.68E5 Y 

, 5.013 0 
2.13 y 

60.55 M 
45.c5 H 

26.1 H 

PHOTON 

2.87E 00 
1 20E-01 
R. 04E-03 
1.18E-01 
2.53E 00 
7.34E-04 
7.6CE-02 
1.45E 00 
1 25 E-03 
1065E-01 
4.25E 00 
5.02E-01 
7. ISE-04 
1.80E-02 
1. 17F-01 
3.94E-02 
1.38F-01 
2.03E 00 
1 35 E - 0  1 
3.44 E - 0 1  
8.28F-3? 
7.22E-01 
1.52F-01 
1 1 I E-0 1 
1.55E-01 
3.97E-01 
2.43F 00 
1.51F-01 
8.27E-01 

40 17F-03 
6.93F 00 
3.96F 00 
5.34E 00 
5.2ZF-01 
3.95E 00 
9.03F-05 
0.0 
3. 78F-03 
9.46E-02 

1.80 E-03 

2.53E-01 
4.37E-01 
6.20F 00 
2.89E 00 
5.58E 00 
0.0 
8.34E-02 
3.49E-01 
2.50F-01 

EL E C V  ON 

9.79 E-02 
1.20E-02 
9.59E-06 
6.20E-01 
6.36E-02 
0.0 
4. S7E-03 
3.03E-01 
2.56E704 
l e t 8 E  00 
1 3 6 5 0 1  
2 45 E-02 
0.0 
6.51E-02 
5.80E-02 
2.8QE-01 
4.38E-01 
4.66 E-02 
1 73E-03 
7.50E-02 
3.84E-02 
5.65E-01 
9.74E-02 
2 65 E-04 
1.48E-01 
8.34E-02 
4.30 E-02 
7.02E-03 
2.34E-02 
4.26E-01 
9.51E-01 
1.155 00 
1.375 00 
1.39E 00 
6.86E-02 
1.96E-01 
0.0 
2.84E-01 
0.0 
8 62E-0 1 
1.58E-01 

1.61 5 0 1  
2 .16E01  
9.02E-03 

l a  54E-02 
9.45E-01 
8.22E-01 

4.25E-01 

7.14E-01 

TOTAL 

2.97E 00 !. 32E-01 
8.05E-03 
7. 38E-01 
2. 60E 00 
7.34E-04 
8. L O € - 0 2  
I.76E 00 
1.51E-03 
1.84E 00 
4.38E 00 
5. 27E-01 
7.15E-04 
8.3LE-02 
1.75E-01 
3. 24E-01 
5 75E-0 1 
2008E 00 
1.37E-91 
4. 19E-01 
8.67E-01 
1.29E 00 
2049E-01 
1 . l lE -01  
3.02E-01 
4.8OE-01 
2.47E 00 
1058E-01 
B o  50E-01 
4.28E-01 
9. 55E-01 
8.08E 00 
5.33E 00 
6.73E 00 
5.90E-0 1 
4015E 00 
90 03E-04 
2.84E-01 
3.78E-03 
9. 57E-01 
4. 11E-01 

6036E 00 
3010E 00 
5.59E 00 
7a14E-01 
9: 88E-02 

a. ~ ~ - 0 1  

1.29E 00 
1.07E 00 
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DOSE-R4TE CONVERSION. fACT0P.S FOQ SKIN FPR I Y M E R S I O V  I N  CONTAMINATED A I R  
I V  S V / Y R  PER 8O/lCUBIC C ( r l  

VALUES FOR ELECTRONS CORRESPOND TO A DEPTH OF 7 0  MICRONS 

ryJCL I0E  

81-214 
PO-209 
PO-210 
PO-21 1 
PO-2 12 
PO-2 13  
PO-2 14 
PC)-2 15 
PO-2 1 6  
PO-2 18  
41-21 1 
AT-2 17 
RV-218 
RN-219 
RN-220 
RN-222 
FR-22 I 
Fa-223 
Q 4-222 
RA-223 
RA-224 
QA-225 
9 A-2 26 

AC-225 
AC-227 
4C-228 
TH-226 
TH-227 
TH-2 2 8 
?t i-229 
TH-230 
TH-23 1 
TH-232 
TH-233 
TH-234 
P A-2 30 
PA-231 
PA-233 
PA-234 
04-2 34M 
U-230 
U-231 
U-232 
U-233 
U-234 
U-235 
U-236 
U-237 

RA-228 

HALF-LIFE 

19.9 M 
102 r 

138.378 D 
0.516 S 

2.98E-7 S 
4;2E-6 S 

1.637F-4 S 
1.778E-3 S 

0,.146 S 
.3.05 Y 
7.214 ti 
0.0323 S 

0..035 S 
3.96 S 

55.61 s 
3.8235 0 

4.8 M 
21.8 M 

. 38.0 S 
11.434 D 

3.62 0 
'14.8 D 
1600 r 
5.75 r 
10.0 D 

21'.773 Y 
6.13 H 
30.9 M 

18.718 D 
1.9132 Y 
7.34E3 Y 

7.7E4 Y 
25.52 H 

1.405ELO Y 
22.3 Y 

24.10 0 
17.4 D 

3.276EC Y 

6.70 H 
1.17 M 
20.8 0 

4.2 D 

27.0 0 

7 2  Y 
1 . 5 9 2 ~ 5  r 
2 . 4 4 5 ~ 5  r 
7 . 0 3 8 ~ 8  r 

2.3415E7 Y 
6.75 D 

PHOTOV 

2.92F 00 
6.41 E-03 
1.62E-05 
1.4TE-02 
0.0 
5.80E-05 
1 59E-04 
2.67E-04 
2. 76s-05 
0.0 
6.37E-02 
4.39E-0* 
1.4OE-03 
1.01E-01 
9.55E-04 
7.05E-04 
5.30 E-02 
8.53 E-02 
l .6lE-02 
2.3lE-01 
1.73E-02 
1.72E-02 
1.15F-02 
1.04E-09 
2.37F-02 
2.7lE-04 
1.75F 00 
1 35 E-02 
1.83E-01 
3.79E-03 
1.49F-01 

2.56E-07 
7.4OF-04 

1 09 E-03 

6. !2E-02 
1.38F-02 
1.23€ 00 
5 .58E-02 ,  
3.72E-01 
3.69E 00 
2.18E-02 
2.55E-03 
1.22F-01 
1 . l lE -03  
6.04E-04 

2.58E-01 
7 47F-04 
2 33F-0 1 

8.35E-04 

ELECTPON 

1.30E 00 
2.50E-04 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.0 
0 . 0  
0.0 
0 .0  

0.0 
8.44E-03 
0.0 
0.0 Q. 30E-03 
6.16E-01 
1 09E-03 
4.97E-02 
2. 71E-03 
7.10E-02 
3. 19E-03 
0.0 
5.26E-04 
0.0 
6.89E-01 
3.64E-03 
1.43E-02 
1.26E-04 
I. 75 E-02 
0.0 
4.62E-02 
3.68E-05 
7.446-01 
7.92E-03 
3. 04E-02 

0.0 

7.7BE-03 
1 63E-01 
5.34E-01 
1.72E 00 
1.43E-04 
6.95E-05 
7.04E-05 
1 13E-06 
3.44E-05 
4.96 E-03 . 
1 90 E-05 
7.29E-02 

TOTAL 

4.22E 30 
6.66E-03 
1 62F-05 
1.47E-02 
0.0 
5 .  80E-05 
1 59E-04 
2.67E-04 
2.76E-05 
0.0 
6.37E-02 
4.39E-04 
1.40E-03 
1 09E-01 
9. 55E-04 
7 O5E-0 4 
6.23E-02 
7.OlE-01 
1 72E-02 
2.80E-0 1 
2.00E-02 
8.81E-02 
1.47E-02 
1 04E-09 
2.42E-02 
2.7LE-04 
2.44E 00 
1.72E-02 
1.97E-01 
3.91E-03 
1.66E-0 1 
1 09E-0 3 
7.18E-02 
7. r 7 ~ - 0 4  
8. O5E-O? 
2. LIE-02 
1.26E 00 
6.36E-02 
5.35E-01 
4.22': 00 
1.74E 00 
2. b9E-03 ' 

1.22E-0 1 
1.18E-03 
6.05E-04 
8.70E-04 
2 63E-0 1 
7.66E-04 
3.06E-01 
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DOSE-RATE CONVERSION FACTORS FOR. S K I N  FOR IMMERSION I N  CONTAMINATED A I R  
I W  S V / Y R  PEQ BO/(CU%IC CPB , . .  

VALUES FOR ELECTRONS CORRESP@ND TO A DEPTH OF 70 MICRONSc '  

NUCL I DE 

U-238 
U-239 
U-240 
NP-235 
NP-236 
N P-23 6M 
YP-237 
NP-238 
NP-239 
NP-240 
NP-240Y 
PU-2 36 
PU-237 
PU-23 8 
PU-239 
PU-240 
PU-241 
PU-242 
PU-243 
PU-244 
PU-245 
PU-246 
AM-241 
AM-242 
AM-242H 
AH-243 
AM-244 
AH-245 
AM-246 
CM-242 
CH-253 
CH-244 
CM-245 
CH-246 
CH-247 
CH-248 
CM-249 
CM-250 
BK-249 
8K-250 
BK-251 
C F - 2 4 8  
CF-249 
CF-250 
CF-251 
CF-252 
CF-253 
CF-254 
E 5-2 53 

HALF-LIFE 

4.468E9 Y 
23.40 H 

14.1 H 
396.1 D 

l.lSE6 Y 
22.5 H 

2.14E6 Y 
2.117 D 
2.355 0 

65 M 
7.4 Y 

2.851 Y 
45.3 O 

87.75 Y 
24131 Y 

6537 Y 
14.4 Y 

3.758E5 Y 
4.956 H 

8.26E7 Y 
10.57 H 
10.85 D 
432.2 Y 
16.02 H 

152 Y 
7.38E3 Y 

10.1 H 
122.4 M 
25.0 H 

163.2 0 
28.5 Y 

18.11 Y 
8.5E3 Y 

4.15E3 Y 
1.56E7 Y 
3.39E5 Y 
64.15 H 
6,9€3 Y 

320 D 
3.222 H 

57.0 H 
333.5 D 
350.6 Y 
13.08 Y 

2.639 Y 
17.81 D 

20.467 D 

9.OE2 Y 

60.5 D 

PHOTON 

6.56E-04 
8.28E-02 
4.07E-03 
5.52E-03 
2.25F-01 
8.87F-02 
4.39E-02 
1.06E 00 
2.87E-01 
2.16E 00 
6.13E-01 
9.66E-04 
8.30E-02 
8.27E-04 
3.93E-04 
7.92 E-04 
0.0 
6.60E-04 
4.03E-02 
5.56E-04 
7.65E-01 
1.68E-01 
3.8OE-02 
2.49602 
2.8lE-03 
9.08 E-02 
1.52E 00 
5.31E-02 
1.8bE 00 
9.00E-04 
2.19E-01 
7.96 F-04 
1.22F-01 
7.04E-04 
5 62 Ee.0 1 
5 67 E-04 
3. *6E-02 
0.0 . 
0.0 

0.0 
6. S7E-04 
5.82 F-01 

2.00E-01 

1.7OE 00 

6.80F-04 

6.27E-04 
1.11E-05. 
2.93E-08 
8.91 E-04 

ELECTRON' 

1.26E-05 
7.33E-01 
1.22E-01 
3.69E-08 
7.OBE-02 
9.44E702. 
1.18E-03. 
3.73E-01 
1.92E-01 
4. 77E-'01 
1.19E- 00 
0.0 
1 97E-06 
0.0 
0.0 ' 

0.0 
0.0 
0.0 
2.07E-01 
0.0 . 
5.0 LE-0 1 
2.OTE-02 
1. WE-05 
2 0 2 6 E O l  
0.0 
2 00E-06, 
2.31E-01 
4.46 E-0 1 
8.17E-01 
0.0 
7.70E-02 
0.0 
2.46E-02 
0.0 
1.55E-02 
0.0 
4.53E-01 
0.0 
1 05 E-03 
4.68E-01 
6.52E-01 
0.0 
1.78E-02 
5.lZE-07 

7.01 E-07 
4.62E-02 
0.0 
0.0 

1.27E-01 

' TOTAL 

b. 69E-04 
8.16E-01 
1.36E-0 1 
5. S2E-03 
2.96E-01 
1. 83E-01 
4.5lE-02 
1.43E 00 
4.79E-01 
2.63E 00 
L 8 O E  00 
9. 66E-04 
8.3OF-02 
8.27E-04 
3.93E-04 
7.926-06 
0.0 
6 60E-04 
2. 47E-0 1 
5 56E-0.4 
1.27E 00 
1. 89E-01 
3.81E-02 
2. 51E-01 
2 8 LE-0 3 
9.08E-02 
I. 75E 00 
5.00E-01 
2.68E 00 
9 00 E-04 
2.96E-01 
7.96E-04 
1.46E-0 1 
7.04E-04 
5.78E-0 1 
5. 67E-04 
4.87E-01 
0.0 
1 05E-03 
2.17E 00 
6 S2E-0 1 
6.5 7E-04 
6. 00E-01 
6.81E-04 
3.2 7E-0 1 
6 27E-04 
4 62E-0 2 
2.93E-08 
8.91E-04 



2 30 

QOSE-RATE CONVERSION FACTORS FOa S K I M  FOR IYHERSION IN CONf4MINblED A I R  
TY S V I V R  PER BO/(CUBTC C U I  

VALUES FOR 

NUCL 1 DE 

ES-254 
ES-254M 
ES-255 
FW-254 
FY-255 
FH-256 

ELECTRONS CORRESPOND TO A DEPTH OF 70  MICRONS 

HhL F-L I FE PHOTOU EL EC TR ON 

275.7 0 1.3LE-02 3.28E-06 
- 39,3 H 1.05E 00 2. 48E-01 

39.8 0 4m93E-05 3. 95E-02 
3.240 H 7. b4E-04 2. 72E-05 

*20!07 H 8.16E-03 IeOIE-04 
157.6 rl 0.0 0.0 

TOT4L 

1.31E-02 
1.30E 00 
3.96E-02 
7. 91E-04 
8. 26E-03 
0.0 

. .  . .  

. .  . 

. .  
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OOSE-RATE CONVERSION FACTORS FUR IMMERSION I N  CONfAMINA?EO~WATER , . . - .  . 
DOSE RATE AT BODY SUPFACE FOR WATER CONCENTRATION @F 1 BQ PEp CUBIC CH 

I -  

NUCL 1 DE 

H-3 
BE-7 
B E 1 0  
c-11 
C-14 
N-13 
N-16 
r)-15 
F-18 
N A-2 2 
N A-2 4 
MG-2 7 
MG-2 8 
AL-26 
AL-28 
SI-31 
SI-32 
P-32 
P-33 
5-35 
CL-3b 
CL-38 
AR-3 7 
AR-39 
AR-41 
K-40 
K-42 
K-43 
CA-41 
c4-45 
C A-k 7 
CA-49 
sc-44 
SC-46 
SC-46Y 
s c-4 7 
sc-48 
sc-49 
TI-44 
T 1-65 
11-51 
v-48 
v-49 
V-52 
CR-49 
CR-51 
HN-5 2 
YN-52M 
MN-53 

HALF-L I FE 

12.28 Y 
53.44 D 
l .6E6 Y 
20.48 M 

5073E3 Y 
9.97 H 
7.13 S 

122.24 S 
109.74 M 
2.602 Y 
15.00 H 
9.458 M 
20.91 H 
7.2E5 Y 
2.240 M 
157.3 M 
303E2 V 
14.29 0 

25.4 0 
87.k4 0 

3.01E5 Y 
31 -21  M 
35.02 0 

269 Y 
1.827 H 

le277E9 Y 
12.36 H 
22.6 H 

1.03E5 Y 
162.7 0 
4.536 0 
8.719 M 
3.927 H 
83.80 0 
18-12 S 
3.422 0 
43-67 H 

57.4 M 
47.3 Y 
3.08 H 

5.752 M 

330 D 
15.971 0 

3.75 M 
42-09 M 

27.704 D 
5.591 0 

21.4 M 
3e7E6 Y 

PHOTON 
DOSE RATE 

t S V f Y R  b 

0.0 
2e5OE-04 
0.0 
5.13E-03 
0.0 
5.13F-03 
2. 3lE-02 
5. 13E-03 
4097E-03 
I. 11E-02 
2.08E-02 
4. 486-03 
6.93E-03 
1 35 E-02 
8. 99E-03 
4- 49E-06 
0.0 
0.0 
0.0 
0.0 
7. 91 E-09 
7 -  51E-03 
1.llE-06 
0.0 
6.50E-03 
7.89E-04 
I 40E-03 
4. 86E-03 
2e05E-06 
2.406-12 
5.38E-03 
1 S9E-02 
1.08E-02 
1 e OlE-02 
4 50 E-04 
5.44E-04 
1069E-02 
5.27E-06 
7. l7E-04 
4.38E-03 
1.85 E-03 
1 47E-02 
+e 50E-06 
7.32E-03 
5 e 26 E-03 
1 64 GO4 
1.74E-02 
1.22F-02 
6. 96E-06 

EL EC TRON 
OOSE PATE 

t S V f Y R  b 

1.42E:OS 
0.0 . 
5.07E-04 
9. 65E204 
l e  24E-04 
1.23E-03 
7. ME-03 
l e  84E-03 
6.05E-04 
4. 86E-04 
1 39 E-03 
1.76E-03 
4.08E-04 
1.12E-03 
3. 16E-03 
1049E-03 
1.62E-04 
1. 74E-03 
1- 92E-04 
1.22E-04 
6 0 23E-04 
3.93E-03 
5. 7 3 E 0 6  
5. 48E-04 
1.16E-03 
1. 14E-03 
3-&E-03 
7.64E-04 
6. 73E-OC 
1 93E-04 
8 64E-04 
2. 20E-03 
1.50E-03 
2. 8Ok-04 
1.53E-04 
4. 08E-04 
5.5LE-04 
2.07E-03 
30 15E-05 
9.35E-04 
2.18E-03 
3. 7lE-04 
1 00 E-05 
2. 7LE-03 
1.50E-03 
1 O6E-05 
1 86E-04 
2. 87'2-03 
1.12E-05 

TOTAL 
W S E  RATE 

4 S V f Y R l  

1. 42E-05 
L e  50E-04 
5eO7E-04 
6- 09E-03 
1. 24E-04 
6. 36E-03 
3 02E-0 2 
6 e 98E-03 
5. 58E-03 
1. 16E-02 
2. 22E-02 
6. 24E-03 
7. 33E-03 
1.46E-02 
1.21E-02 
1. 50E-03 
l e  62E-04 
1.74E-03 
1 92E-04 
1.22E-04 
6.23E-04 
l e  14E-02 
6. 84E-06 
5e48E-04 
7e66E-03 
L93E-03 
5- WE-03 
5. 6 2 6 0 3  
8.78E-06 
1 93E-04 
6. 24E-03 
1.81E-02 
1.23E-02 
1.04E-02 
6-  03E-04 
9e53E-04 
1 e 7SE-02 
2. 08E-03 
7 .  49E-04 
5 3 1e-0 3 
4. M E - 0 3  
1m5LE-02 
1. 45E-05 
l e  OOE-02 
6.77E-03 
1 e 15E-04 
1. 76E-02 
1. 50E-02 
1.82E-05 
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DOSE-RATE CONVERS ION FACTOR C FOR IHHERS ION IN CONTAMl NA TED WATER 

DOSE RATE A T  BODY SUPFACE FW WATER CONCENTRATION OF 1 BQ PER CUBIC C M  

NUCL I DE 

MN-54 
W N-5 6 
FIN-57 
FE-52 
FE-55 
FE-59 
CO-56 
C 0-57 
CO-58 
(33-58W 
CQ-60 
CO-5OM 
CO-6 1 
NI-56 
N1-57 
NI-59 
Nl-63 
NI-65 
CU-61 
CU-62 
CU-64 
CU-67 
ZN-62 
ZN-65 
ZY-69 
ZN-69H 
64-66 
GA-6 7 
GA-68 
GA-72 
GE-68 
GE-7 1 
GE-77 
AS-72 
A S-7 3 
AS-74 
AS-76  
A 5-17 
SE-73 
SE-75 
SE-79 
BR-77 
BR-80 
BR-80V 
84-62 
BP-83 
BR-84 
BR-85 
KR-79 

HAL F-L I FE 

312.7 D 
2.5785 H 

1.47 H 
8.275 H 

2.7 Y 

78.76 0 
270.9 D 

9.15 H 
5.271 Y 
10.47 H 
1.650 H 
6.10 0 

36.08 H 
7.5E4 Y 
100.1 Y 
2.520 H 
3.408 H 

44.63 0 

70.80 0 

9.74 M 
12.701 H 
61.88 D 

9.26 H 
244.4 0 

55.6 M 
13.76 H 
9.60 H 

3.261 D 
68.0 M 
14.1 H 
288 0 

11.8 D 
11.30 H 
26.0 H 

80.30 0 
17.77 0 
26.32 H 
38.8 H 
7.15 H 

119.78 0 
6.5E4 Y 
57.04 H 

17.4 H 
4.42 H 

35.30 H 
2.39 H 

31.80 H 

35.04 H 
172 S 

PHOTOrJ 
COS€ RATE 

( SV/YR I 

4.20E-03 
8.51 E-03 
3e75E-04 
3. IO€-03 
8.42E-06 
6.OlE-03 
1 e 82 E-02 
6.30E-04 
4.90E-03 
1003F-05 
1.27E-02 
3.35E-05 
4.63 F-04 
8.64E-03 
9. TOE-03 
1.21E-05 
0.0 
2. 78E-03 
4.14E-03 
5 .  06E-03 
9.58E-04 
5 80 E-04 
2.29E-03 
2.95E-03 
3.OlE-08 

1. t5E-02 

4.78E-03 
1.36E-02 
2.13E-05 
2.15E-05 

2.09E-03 

7.53E-04 

5 35 F-03 
8. 97E-03 
8.19E-05 
3.85E-03 
2.16E-03 
4.32E-OS 
5. 52E-03 
1 97E-03 
0.0 
1 t lE-03 
3. 76 E-04 
1.26E-04 

3.74E-05 
1.33E-02 

8 99 E-03 
3 32 E-04 
1. 30 E-03 

EL EC fR ON 
OCSE RATE 

t S V I Y R l  

1.12E-05 
2. L O € - 0 3  
2.82E-03 
4.99E-04 
1.18E-05 

3.l lE-04 

8.51E-05 

2.94E-04 

5.35E-05 

7.23 E-05 
2.39E-04 
1 63E-04 
1.18E-03 
1 90 E-05 
3.60E-04 
1.28E-05 
4.29E-05 
1.59E-03 
7. 76E-06 
3.27E-03 
3.08E-04 
3.96E-04 
8.15E-05 
1.85E-05 
8.05 E-04 
60 34EO5 
2.47E-03 
9.68E-05 
1 86E-03 
1-26 E-03 
1.4OE-05 
1.41E-05 
1.65E-03 
2. 63E-03 
1 75 E-04 
6.75504 
2.70E-03 
S.72E-04 
9. 85E-04 
3.90E-05 
1.3 1 E-04 
2e32E-05 
1 83E-03 
1 78E-04 
3. *?E-04 
8.03 E-04 
3. 19E-03 
2. 5SE-03 
6.12E-05 

TOTAL 
DOSE RATE 

( SV/YR l 

4.21E-03 
1. 06E-02 
3.20E-03 
4.20E-03 
2.02E-05 
6.31E-03 
1.85E-02 
6. 84E-04 
4.98E-03 
8.26E-05 
1 29E-0 2 
1 97E-04 
1 64E-03 
8.66E-03 
1.OlE-02 
2 e 49E-05 
4.29E-05 
4. 37E-03 
4.92E-03 
8 33E-03 
1 27E-0 3 
9.75E-04 
2.37E-03 
2.97E-03 
8.05E-04 
2.15E-03 
10 50E-02 
8.50E-04 
6.64E-03 
1.49E-02 
30 53E-05 
3.56E-05 
7.00E-03 
1.16E-02 
2 0 57E-04 
4.52E-03 
4.86E-03 
6.15E-04 
6. 50E-03 
2oOlE-03 
1.31E-04 
1e63E-03 
2. 20E-03 
3. ME-04 
1.36E-02 
8.41E-04 
1022E-02 
2.87E-03 
1 36E-03 
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DOSE-RATE CONVERSION FACTORS FOR I M M E R S I O N  I N  CONTAHX'NATED WATER . 
DOSE PATE AT BODY SURFACE FW, WATER CONCENTRATION OF 1 BO PER CUBIC CH 

NUCLIDE 

KR-81 
KR-83Y 
KR-85 
KR-85M 
KR-87 
KP-88 
KR-89 
KR-90 
R 8-8 1 
R8-82 
RB-83 
RB-84 
R8-86 
RB-87 
R 8-8 8 
RB-89 
99-90 
R 8-90Y 
SR-8 2 

SR-85M 

SR-89 
SR-90 
SR-9 1 
SR-92 
SR-93 
Y-86 
Y-87 
Y-88 
Y-90 
Y-90H 
Y-91 
Y-9lM 
Y-92 
Y-93 
ZR-86 
ZR-88 
ZR-89 
ZR-93 
ZR-95 
ZR-97 
NB-90 
NB-91 
NE-91H 
N8-92 
NB-92H 
Ne-93M 
NB-94 

sa-85 

SR-8 7M 

HAL F-L I FE 

2.lE5 Y 
1.83 H 

10.72 Y 
4.48 H 
76.3 Y 
2.84 H 
3-16 H 

32.32 S 
4.58 H 
1.25 M 
86.2 0 
32.9 0 

18.66 0 
4.73E10 Y 

17.8 M 
15.44 Y 

157 5 
258 S 

25.0 D 
64.84 0 
67.66 M 
2.805 H 
50.55 0 

28.6 Y 
905 H 

2.71 H 
7.3 H 

14.74 H 
80.3 H 

106.60 0 
64.1 H 
3.19 H 

58.51 D 
49.71 H 

3.54 H 
10.1 H 
16.5 H 
83.4 D 

78.43 H 
1.53E6 Y 
64.02 D 
16.90 H 
14.60 H 

LE4 Y 
6 1  0 

3.6E7 Y 
10.15 D 

14.6 Y 
2.03E4 Y 

PHOTON ELECTRON 
OCSE RkTE OnSE PATE 
( SV/YF 8 

8.  18F-05 
1 0.33 F-0 5 
1 12E-05 
7 93 E-04 
3.99E-03 
9.85E-03 
9.24E-03 
6.42E-03 
3.08E-03 
5.50E-03 
2.54E-03 
4.53E-03 
4 78 E-04 
0.0 
30 21 E-03 
I 04E-02 
1.08E-02 
1.65E-02 
4.10E-05 
2.61E-03 
1. WE-03 
1.61E-03 
t 86E-07 
0.0 
3.45 E-03 
6.78E-03 
1.13E-02 
L.81E-02 
2 34E-0 3 
1.36 E-02 
0.0 
3.19E-03 
1 83E-05 
2.66F-03 
1.27E-03 
4.49E-04 
1 48E-03 
1.97E-03 
5.84E-03 
0.0 
3.67E-03 
9.10E-04 
2.10E-02 
6020F-05 
2.62 E-04 
7 56 E-03 
4.87E-03 
1 02F-05 
7.88E-03 

( S V / Y R I  

1.39E-05 
1. ?2E-04 
6.27E-04 
6.50E-04 
3.37E-03 
9.23E-04 
3.48E-03 
3.36€'03 
5.48E-04 
3.58E-03 
2 06 E-05 
4.16E-04 
1 67E-03 
1 97E-04 
5.35E-03 
20 S9E-03 
5.07E-03 
3.55E-03 
1.49E-05 
20 40E-05 
30 61 E-05 
1 90 E-04 
1.46E-03 
4.90E-04 
1.65E-03 
5.02 E-04 
2.33E-03 
5.7lE-04 
I 91 E-05 
1.70E-05 
2.36E-03 
1 34E-04 
1 51 E-03 
7.72g-05 
3.68E-03 
2.98E-03 
8.86 E-05 
4.45E-05 
2.58E-04 
4.90E-05 
2091E-04 
1 75E-03 
1.01 E-03 
1.56E-05 
2.65E-04 
1.93E-05 
1.52E-05 
8.26 E-05 
3.69E-04 

TOT4 I 
DOSE R 4 T E  

C S V I Y R 8  

9.57E-05 
1 25E-04 
6.39E-04 
1 44E-03 
7.36E-03 
1. 08E-02 
1.27E-02 
9.77E-03 
3.62E-03 
9.09€-03 
20 56E-03 
4.94E-03 
2.15E-03 
1.97E-04 
8.56E-03 
1.30E-02 
1.59E-02 
2.00E-02 
5.59E-05 
2.63E-03 
1.12E-03 
1 80E-03 
1 46E-03 
4.90E-04 
5. 10E-03 
7.28E-03 
1.36E-02 
1.87E-02 
2 36E-03 
i .  36E-02 
2. 36E-03 
30 32E-03 
1.53E-03 
2 74E-0 3 
4.95E-03 
30 43E-03 
1.51E-03 
2.01E-03 
6.10E-03 
4.90E-05 
3.97E-03 
2.66E-03 
2.20E-02 
7.76E-05 
5.27E-04 
7.58E-03 

'4.89E-03 
9.28E-05 
8.25E-03 
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OOSE-QATE CONVERS ION FACTORS F!F IMMERSION IN CONTAMINATED WATER 

DOSE PATE AT BODY SURFACE FOP. UAfER CONCEYTRATION CF 1 BQ PER CUBIC C Y  

NUCL I DE 

NB-94M 
N 8-9 5 
NB-95Y 
NR-96 
NR-97 
N 0-9 7M 
YO-91 
M0-93 
YO-99 
40-101 
TC-95 
TC-95M 
t C  -96 
TC-96M 
TC-97 
TC-97M 
TC-98 
TC-99 
TC-99M 
TC-101 
su-97 
RU-103 
QU-LO5 
RU-106 
RH-LO3M 
RH-105 
QH-1OSM 
QH-LO6 
PO-1 03 
PO-LO7 
PO-109 
A G- 106M 
AG-LO8 
AG-1084 
AG-109H 
AG-1 LO 
46- 1 1 OH 
AC-111 
CD-109 
C D - l l l M  
CD-113 
CD-113W 
CD-115 
Cr)-115M 
CD-1 1 7 
CD-1 17H 
IN-111 
IN-1 13Y 
IN-114 

HALF-LIFE 

6.26 H 
35.06 0 

86.6 H 
23-55 H 

72.1 H 
60 s 

15.49 Y 
3.5E3 Y 
66.02 H 
14.61 H 

20.0 H 
6 1  0 

4.28 0 
51.5 Y 

206E6 Y 
89 0 

402E6 Y 
2.13E5 Y 

6.02 H 
14.2 M 

2.9 0 
39.35 0 

4.44 H 
368.2 0 

56.119 M 
35.36 H 

45 s 
29.92 S 

16.961 0 
6.5E6 Y 

13.453 H 
6-46 D 
2.37 H 

127 Y 
39.6 S 

24.57 S 
249.85 D 

7.46 D 
464 0 

48.7 n 
9.3E15 Y 

13.7 Y 
53.46 H 

44.6 0 
2.59 H 
3.36 H 
2.83 D 

1.658 H 
71.9 S 

PHOTON 
QnSE R 4 T E  

( SV/YR I 

5. 90E-05 
3.83E-03 
3.34E-04 
1 24E-02 
3.32E-03 
3.64E-03 
4.92E-03 
5.60E-05 
7. 76E-04 
7 55E-03 
3.99 E-03 
3. 39E-03 
1 26E-07 
2.42E-04 
6.17E-05 
5.05 E-05 
6.97E-03 
2 63 E-09 
6.36E-04 
1 72 E-03 
1 21 E-03 
2.43E-03 
3.93E-03 
0.0 
9. 03F-OC 
3 91E-04 
1.78E-04 
1.04E-03 
7.64E-05 
0.0 
3.46E-06 
1.41E-02 
8.89E-05 
8.11 E-03 
5.87E-05 
1 . 53E-04 
1.37E-02 
1.33E-04 
7.86E-05 
1.44E-03 
0.0 
0.0 
1.03E-03 
1.10E-04 
5.52E-03 
1 03E-02 
2.04E-03 
1.31E-03 
1. 60E-04 

EL EC TR ON 
DOSE RATE 

S V I Y R )  

1 0 LE-0 4 
1.llE-OC 
5. 12E-04 
t.30E-04 
1.17E-03 
4. LlE-05 
3.70E-03 
1.49 E-05 
9. 94E-04 
1 37E-03 
1.79E-05 
4.08E-05 
1 78 E-05 
7.76 E-05 
1 52E-05 
2.49E-04 
3.03E-04 
2.11E-04 
4.52E-05 
1. 19E-03 
3.48E-05 
1 76 E-04 
1.01E-03 
2.5lE-05 
1.08E-04 
3.84E-04 
2.97E-04 
5059E-03 
1.46 E-05 
2.32E-05 
9.05E-04 
2.33E-05 
1 53E-03 
4.11 E-05 
2. 19E-04 
3.00E-03 
1.73E-0$ 

1.39E-05 
3.13E-04 
2.33E-04 

8.79E-04 

4.6%-04 
7.86E-04 
1.525-03 
1 09 E-03 
5. LOE-04 
9.70E-05 
3.76E-04 
1.94E-03 

TOTAL 
DOSE R d T E  
[ SV/YR I 

1. 60E-04 
3. 94E-03 
8 46E-04 
1.31E-02 
4.49E-03 
3.68E-03 
8.62E-03 
7. 10E-05 
1077E-03 
8.92E-03 
4.01 E-03 
3.43E-03 
1 rn 26E-02 
3.20E-04 ’ 

7.69E-05 
3.00E-04 
7. 27E-03 
2.11E-04 
6e8lE-04 
2.91E-03 
1.24E-03 
2.6LE-03 
4.94E-03 
2.51E-05 
1.17E-04 
7.75E-04 
4.75E-04 
4. 63E-03 
9: 11E-05 
2.32E-05 
9 09E-04 
1.42E-02 
1062E-03 
8 .  i5E-03 
2. 78E-04 
3.15E-03 
1.39E-02 
1eOLE-03 
9.25E-05 
1.76E-03 
2 33E-0 4 
4 65 E-05 
1.8LE-03 
1.63E-03 
6. 61E-03 
lm08E-02 
2. 13E-03 
1.68E-03 
2. L O € - 0 3  



235 

DOSE-RATE CONVERSION FACTORS FOR I M M E R S I O N  IN CONTAMINATED WATER 

DOSE RATE AT BODY SURFACE FOR WATER CONCENTRATION OF 1 84 PER CUBIC CM 

NUCL I DE 

IN-114Y 
IN-115 
IN-115H 
IN-116M 
IN-117 
I N - 1  17M 
SN-113 
SN-L 1 7 M  
S N - l l 9 M  
SN-123 
SN-125 
SN-126 
S8-117 
58-122 
$8-124 
58-125 
58-126 
S6-126M 
SB-127 
$8-129 
TE-12 1 
TE-121M 
YE-123 
fE-123M 
TE-125H 
TE-127 
TE-127M 
TE-129 
TE-129M 
TE-131 
TE-131M 
TE-132 
TE-133 
TE-133M 
?E-134 
1-122 
1-123 
1-124 
I-125 
1-126 
1-128 
1-129 
1-130 
1-131 
1-132 
1-133 
1-134 
1-135 
1-136 

H4L F-L I FE 

49-51 0 
4.6E15 Y 

4.36 H 
54.15 Y 
43.8 M 

116.5 H 
115.1 D 
13.60 D 
293.0 D 
129.2 D 
9.64 0 

I.OE5 Y 
2.80 H 
2.70 0 

60.20 0 
2.77 Y 
12.4 0 
19.0 M 
3.85 D 
4.40 H 
16.8 0 
154 D 

1E13 Y 
119.7 D 

58 D 
9.35 H 

109 D 

33.6 0 

30 H 

69.6 H 

25.0 Y 

78.2 H 
12.45 H 

55.4 M 
41.8 M 
3.62 M 

13.13 H 
4.18 0 

60.14 0 
12.93 0 
24.99 Y 

le57Ef  Y 
12.36 H 
8.040 0 

2.30 H 
20.8 H 
52.6 M 
6 - 6 1  H 
83 s 

P Ho TUN 
DOSE RATE 

( S V / Y S I  

4.89E-04 
0.0 
8.35E-04 
1 24E-02 
3.46E-03 
4. 63E-04 
1 20 E-04 
7 95 E-04 
6 0  00E-05 
3.48E-05 
1.53E-03 
2.90 E-04 
9.35 E-04 
2. 23E-03 
9.41 E-03 
2.17E-03 
1 38 E-02 
7.86 E-03 
3.31 E-03 
7.19E-03 
2.90E-03 
1 09 E-03 
6. a8 E-05 
7.46 E-01 
1.84E-04 
2.43E-05 
5.88E-05 
2.91E-04 
1 99 E-04 
2.12E-03 
7. LIE-03 
1.16E-03 
4.68E-03 
I .  12E-02 
4.386-03 
4.90E-03 
8.74E-04 
5 0 35 E-03 
2.18E-04 
2.33E-03 
3.81 E-04 
1 29E-04 
1.07E-02 
1e91E-03 
1.15E-02 
30 O5E-03 
1.32E-02 
7.96E-03 
1,. 28 6-02 

EL EC fR  ON 
DOSE RATE 

( S V / Y R )  

4.11E-04 
3.81E-04 
4.8lE-04 
7.55E-04 
6 .  75 E-04 
1.llE-03 
1 46E-05 
4. SO€-04  
2.20E-04 
1.30E-03 
2.04503 
3.27E-04 
7.91E-05 
1.41E-03 
9.57E-04 
2 49 E-04 
7.54E-04 
1.49E-03 
7.92E-04 
8.99 E-04 
2.33E-05 
2.26E-04 
1.17E-05 
2.83E-04 
30 6 0 E 0 4  
5.58E-04 
2.29E-04 
1.38E-03 
6.97E-04 
1 82E-03 
4.94E-04 
2.62 E-04 
2.08E-03 
1 80E-03 
3.81E-04 
2.64E-03 
7.69E-05 
5.03 E-04 
5.04E-05 
3.386-04 
1.92E-03 
1.41 E-04 

4.8OE-04 
7.2lE-04 

1.23E-03 
1.03E-03 
1.53E-03 
9.25504 
5.2OE-03 

TOTAL 
DOSE RATE 

t SV/VR) 

9.0lE-04 
3.8lE-04 
1 32E-03 
1.32E-02 
4.14E-03 
1.58E-03 
1 35E-04 
1 25E-03 
2.80E-04 
1.34E-03 
3.57E-03 
6.16E-04 
1 Ol E-03 
3.64E-03 
l e  O4E-02 
2.42E-03 
1.65E-02 
9e35E-03 
4.11 E-03 
8.09E-03 
2.92E-03 
1.32E-03 
8.04E-Of 
1 03E-03 
5.44E-04 
5 82E-04 
2. 88E-04 
1 . 67E-03 
8.96 E-04 
3.93E-03 
7.66E-03 
1 42E-03 
6.76E-03 
1.30E-02 
4.76E-03 
7e54E-03 
9.51E-04 
5 85E-03 
20 68E-04 
2.67E-03 
2.30E-03 
2. IO€-04 
l.14E-02 
2 39E-0 3 
1.27E-02 
4.08E-03 
1- 47E-02 
8.89E-03 
1 80E-0 2 



OOSE-RATE CCWVERS ION FACTORS f 8  XMMERSfON I N  CONTAMlNATEO UATER 

DOSE RATE AT BODY SURFACE FOR WATEP CONCENTRATION OF 1 BQ PER CUBIC CH 

NUCLIDE 

XE-122 
XE-123 
XE-125 
XE-127 
X E-1 29Y 
XE-131M 
XE-133 
XE-133H 
XE-135 
X E- 135H 
XE-137 
XE-138 
CS-126 
CS-129 
CS-131 

. CS-132 
CS-134 
C 5-1 34M 
cs-13s 
C S-136 
CS-137 
CS-138 
C S-139 
BA-131 
8A-133 
84-1 3 3W 
B A-1 3 5 M  
84-137M 
BA-139 
BA-140 
BA-141 
B A-1 42 
LA-140 
LA-141 
La-142 
C E - 1 3 9  
CE-141 
CE-143 
CE-144 
PR-142 
PR-143 
PR-144 
PR-144W 
NO-1 4 1  
NO-149 
PM-143 
PW-1 44 
PW-145 
PW-146 

HALF-L I FE 

20.1 H 
2.14 H 
16.8 H 

36.406 0 
8.89 0 

11.84 0 
5.245 0 

2.19 0 
9.11 H 

15.36 H 
3.83 Y 

14.13 M 
1-64 M 

32.06 H 
9.688 0 
6.475 0 
2.062 Y 

2.90 H 
2m3E6 Y 
13.16 0 

32.2 H 
9.40 W 
11.8 0 
10.5 Y 

28.7 H 
2.552 H 

12.789 0 
18.27 W 
10.70 Y 
40.22 H 

3.94 H 
95.4 H 

137.66 Q 
32.50 0 
33.0 H 

284.3 0 
19.13 H 
13.56 0 
17.28 H 

7.2 M 
10.98 0 

1.73 H 

30.17 Y 

38.9 n 

83.1 W 

265 0 
363 0 

2020 0 
17.7 Y 

PHOfOY 
DOSE R A T E  

t SV/YR 8 

3.90E-04 
3.18E-03 
1 36 E-03 
1.4OE-03 
2.68E-04 
1.04 E-04 
20336-04 
2.llE-04 
1024E-03 
2.17E-03 
9.44E-04 
5.67E-03 
5.67E-03 
1. 43E-03 
1 20E-04 
3 .  S8E-03 
7.79E-03 
1.39E-04 
0.0 
1 09E-02 
0.0 
lm19E-02 
1 55E-03 
2039E-03 
1.98E-03 
3.46E-04 
3. LOE-04 
2m99E-03 
1.77E-04 
9.COE-04 
4 48 E-0 3 
4.57E-03 
1.17E-02 
2.16E-04 
1. 37E-02 
8.13E-04 
3-81  E-04 
1.38E-03 
9.77E-05 
2.96E-04 
4.45E-11 
1.60E-04 
6.19E-05 
7.12E-04 
1 92E-03 
1058E-03 
7 78 E-03 
1.68E-04 
3. 18E-03 

ELECTRON 
DOSE P A T E  

[ S V I Y R I  

2. *?E-05 
4.74E-04 
9m32E-05 
8.74E-05 
S.25E-04 
4.12E-04 
3.53E-04 
5.50E-04 
8.04E-04 
2.75E-04 
4m53E-03 
1.60E-03 
3.43’-03 
4.10E-05 
1.46E-05 
3.42E-05 
4.08E-04 
3.13E-04 
1. 41E-04 
3.45E-04 
4e28E-04 
3. LlE-03 
4.23E-03 
1.21E-04 
1 46E-04 
6.27E-04 
5.93E-04 
1.82E-04 
2.28E-03 
7.16E-04 
2.17E-03 
1.19E-03 
1 34E-03 
2.40E-03 
2.14E-03 

4.35E-04 
1.llE-03 
2.35 5 0 4  
2 04 E-03 
7.92E-04 
3eOTE-03 
1.3lE-04 
6.85E-04 
1.24E03 
1.17E-05 
3.81E-05 
3e56E-05 
2 48 E-04 

9.14E-05 

TOTAL 
DOSE R A T E  

I SV/YR t 

4.14E-04 
3.65E-03 
I. 45E-03 
1 49E-03 
7.93E-04 
5.16E-04 
5.86E-04 
1.61E-04 
2eO5E-03 
2. 44E-03 
5. 47E-03 
1.28E-03 
9e 10E-03 
1.47E-0 3 
1 34F-04 
3. 62E-03 
8.20E-03 
4.52E-04 
1. 49E-04 
1.13E-02 
4.28E-04 
10 WE-02 
5.77E-03 
2. 51E-03 
2. 13E-03 
9.72E-04 
9m04E-04 
3ol7E-03 
2. ME-03 
1.74E-03 
6.65E-03 
5. 75E-03 
1.30E-0 2 
2.61E-03 
1. 58E-02 

8.23E-04 
2.48E-03 
3.33E-04 
2.33E-03 
7.92E-04 
3.23E-03 
1m93E-04 
1.40E-03 
30 16E-03 
1.59E-03 
7.82E-03 
2m03E-04 
4mOZE-03 

9.04E-04 
I 



237 

DOSE-RATE CONVERSION FACTORS FOR 1MMERSION tN  CONTAMI NATED WATER 

DOSE R A T E  aT BODY SURFACE FOR WATER CONCENTRATlON OF 1 80 PER CUBIC CH 

NUCL 1 DE 

PY-147 
PM-148 
PH-148M 
PM-149 
PW-151 
SY-147 
SM-15 1 
SH-153 
EU-152 
EU-152M 
EU-154 
EU-155 
ElJ-156 
GO-1 52 
GO-1 53 
GO-159 
GO-16 2 
T8-157 
T8-160 
TB-162 
DY-157 
DY-165 
DY-166 
HO-166 
HO-166H 
ER-169 
ER-171 
TH-170 
TM-171 
YR-169 
Y8-175 
LU-177 
LU-1 77H 
HF-181 
T A-1 82 
W-18 1 
W-185 
W-187 
W-188 
RE-182 
RE-1 82H 
RE-183 
RE-184 
RE-1 84M 
R E-1 86 
RE-187 
RE-188 
OS-1 85 
OS-186 

HAL F-L I FE 

2.6234 Y 
5.37 0 
41.3 0 

53.08 H 
28.40 H 

1.069E11 Y 
90 Y 

46.7 H 
13.6 Y 
9.32 H 

8.8 Y 
4.96 Y 

15.19 0 
l . l E l 4  Y 
241.6 0 
18.56 H 

9.7 W 

72.3 0 
7.76 M 
8.06 H 

2.334 H 
81.6 H 

26.80 H 
1.2OE3 Y 

9.40 0 
1-52 H 

128.6 D 
1.92 Y 

31.97 0 
4.19 0 
6 - 1 1  0 

160.10 0 
42.39 0 

114.74 D 
120.95 0 

75.1 0 
23.83 H 

69.4 0 
64.0 H 
12.7 H 

150 Y 

70  D 

169 0 
38.0 D 

90.64 H 
4.7E10 Y 

16.98 H 
93.6 D 

2.OE15 Y 

PHOTON 
OOSE RATE 

1 SV/YR D 

I 74E-08 
2.90E-03 
9.98E-03 
5.84E-05 
1. 69E-03 
0.0 
6.51 E-08 
3. 16E-04 
5. 82E-03 
1.59E-03 
6032E-03 
3. WE-04 
6 79 E-03 
0.0 ' 

5.69E-04 
2. 04E-04 
2s 13E-03 
2.58E-05 
5. 45 E-03 
5. 5lE-03 
1 78E-03 
1 30 E-04 
2. Ob E-04 
1 49E-04 
8.01E-03 
7.50E-08 
1 88 E-03 
2.79E-05 
3.55E-06 
1 59E-03 
1 99 E-04 
1076E-04 
4.99E-03 
2.74E-03 
6s 57E-03 
2 09E-04 
1.33E-07 
2. 39E-03 
8.87E-06 
8. 87E-03 
6.07E-03 
7098E-04 
4.49E-03 
1.97E-03 
1 05 E-04 
0.0 
2.92E-04 
3.54E-03 
0.0 

ELECTRON 
DOSE RATE 

( S V / Y R I  

1.55E-04 
le83E-03 
4.18E-04 
9.15E-04 
7. 7lE-04 
0.0 
4.97E-05 
6. 84E-04 
3.26E-04 
1.25E03 
7.05E-04 
L.6lE-04 
1.05E-03 
0.0 
1.22E-04 
7.94 E-04 
8.47E-04 
9 26E-06 
6.98C-04 
1.32E-03 
3 s  06E-05 
1.12E-03 
4. LOE-04 
1 75 E-03 
4.02 E-04 
2s 57E-04 
1 06E-03 
8.32E-04 
6. 44E-05 
3.26E-04 
3.27E-04 
3. 74E-04 
7.40E-04 
5.16E-04 
5. 30E-05 
2.35E-05 
3. 17E-04 
7.34E-04 
2.48E-04 
6.8 1E-04 
2.30E-04 
2.79E-04 
1 42 E-04 
3. 78E-04 
8.59E-04 
1 66E-06 
1.97E-03 
30 60E-05 
0.0 

TOTAL 
DOSE RaTE 

t SV/'IR B 

1 55E-04 
4. 73E-03 
1 04E-02 
9. 74E-04 
2.46E-03 
0.0 
4.98E-05 
1.00E-03 
60 14E-03 
2.84E-03 
7 O2E-0 3 
4.70E-04 
7. 84E-03 
0.0 
6. 90E-04 
9098E-04 
2 97E-0 3 
3. 51E-05 
6. 15E-03 
6.83E-03 
1- 81E-03 
1 25E-03 
6. 17E-04 
1 90E-03 
8.41E-03 
2.57E-04 
2.94E-03 
8. 60E-04 
6.8OE-05 
1.91E-03 
5. 25E-04 
5. 50E-04 
5. 73E-03 
3. 25E-03 
7- 10E-03 
2. 3%-04 
30 18E-04 
3.12E-03 
2. 5 7 E 0 4  
9.55+03----- - - 

6. 30E-03 
LOOBE-03 
4 63E-0 3 
2. 34E-03 
9 s  64E-04 
1 66E-06 
2 0 26E-03 
30 WE-03 
0.0 
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DOSE-RATE CONVERSION FACTORS FOR I M M E R S I O N  I N  CONTAMINATED WATER 

DOSE PATE AT BOOY.,,SUPFACE FW WATER CONCENTRATION OF 1 00 PER CUBIC CM 

NUCL I DE 

US-1 90M 
Of-191 
OS-191M 
OS-193 

I Q-190M 
! R'-tOOY 
1R-192 
IR-193H 
1R-194 
I R-194Y 
PI-19 1 
PI-193 
PT-19 3M 
PT-195Y 
PT-197 
PT-197M 
AU-194 
AU-195 
AU-19 5M 
AU-196 
AU-198 
AU-199 
HG-191 
HG-197M 
HG-203 
TL-200 
TL-20 1 
TL-202 
TL-204 
TL-207 
TL-208 
TL-209 
n - 2 1 0  
P8-203 
PB-204M 
P8-205 
08-209 
PB-210 
PB-211 
PB-212 

81-206 

81-208 
01-210 
B!-211 
81-212 
81-213 

I a-190 

~ ~ - 2 1 4  

81-207 

HALF-L I FE 

- % .  9.9 M 
, 15.4 0 
13.03 H 

30.0 H 
11-18 0 

1.2 H 
3.2 H 

74.02 0 
11.9 0 

19.15 H 
. 171 0 

2-11 D 
50 Y 

* 4.33 D 
4.02 D 
1803 H 

- 94.4 M 
39.5 H 

183 0 - 30.6 S 
6-183 0 

.fa696 D 
3.139 D 
64.14 H 

23.8 H 
46-60 0 

26.1 H 
13.06 H 
12-23 D 
3.779 Y 

4.77 M 
3.053 M 

2.20 M 
1.30 M 

52.02 H 
66.9 M 

1051E7 Y 
3.253 H 
22.26 Y 

36.1 !4 
10.643 H 

26.8 M 
6.243 D 

33.4 Y 
3.68E5 Y 

5.013 0 
2.13 M 

60.55 4 
4S.65 M 

PHOTON 
DOSE RATE 

t SV/YR I 

7.97E-03 
3.79E-04 
3e39E-05 
3.42 E-04 
1.03E-03 
I .  09E-05 
2 52E-04 
4.11E-03 
1 23E-05 
4.58E-OI 
1.17E-02 
1.486-03 
1 Ob E-05 
6.60E-05 
3.88E-04 
1.26E-04 
4.27E-04 
5 45 E-03 
4.4lE-04 
1.01 E-03 
2.39E-03 
20 03E-03 
4.49E-04 
3.62E-04 
4.77E-04 
1.15E-03 
6.6SE-03 
4- TIE-04 
2.36E-03 
5.83E-06 
1.09E-05 
1.69E-02 
1.07E-02 
l o  39E-02 
1 54E-03 
1-OS€-02 
1020E-05 
0.0 
2.34E-05 
2.55 E-04 
7.45 E-04 
1.25E-03 
1 65F-02 
7.76E-03 
1 33E-02 
0.0 
2.39E-04 
9.25E-04 
6 99 E-04 

EL EC TRON 
DOSE RATE 

t SV/Y9) 

3.19 E-04 
3. 50E-04 
1.83E-04 
9.46E-04 
1 74E-04 
5.65E-05 
3035E-05 
5.54E-04 
2.12E-04 
2-04E-03 
4.15E-04 
1.80E-04 
9.52 6 0 6  
3.72E-04 
5.93E-04 
6-52E-04 
9.03E-04 
9.00E-05 
1.23E-OC 
3.19E-04 
9.03E-05 
B.25E-04 
3.76E-OI 
1.74E-04 
6.OlE-04 
2.87E-04 
8.74E-05 
1.04E-04 
5.3OE-05 
5.95E-04 
1- 24E-03 
1 49 E-03 
1.73E-03 
1.82E-03 
1.61E-04 
2.83E-04 
'To 19E-06 
4.95 E-04 
9.76E-05 
1 14E-03 
4.62E-04 
7.5lE-04 
3.45E-04 
3.13E-04 
2.42E-05 
9.76E-04 
2.BOE-05 
1.18E-03 
l o l l € - 0 3  

TOTA L 
DOSE RATE 

t SV/Y R 1 

8.29E-03 
7 28E-0 4 
2.17E-04 
1 29E-03 
70 2 1 E-03 
6074E-05 
2.86E-04 
4 67E-0 3 
2 0 25 E-04 
2.50E-03 
Lo ZlE-02 
1 66E-03 
20 02E-0 5 
4.38E-04 
8.8lE-04 
70 78E-04 
1.33E-03 
5o54E-03 
5.64E-04 
1.33E-03 
2.48E-03 
2.86E-03 
8 e 26E-04 
5.36E-04 
1.08E-03 
lo44E-03 
6.74E-03 
5.81E-04 
2 +lE-O 3 
6.01E-04 
1 25E-03 
1 84E-02 
1.24E-02 
1 51E-02 
1 7OE-03 
I. 08E-02 
1 98E-05 
4.95E-04 
1- 21E-04 
1 40E-0 3 
1- 2lE-03 
2.OlE-03 
1.68E-02 
8.07E-03 
1 33E-02 
9.7bE-04 
20 67E-04 
2.11E-03 
1 8 1E-03 

I 

I 
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OOSE-RATE CONVERSION FACTORS FOR IMMERSION IN CONTAMINAiED WATER 

QOSE RATE a T  BODY SURFACE FOR WATEC CONCENTRATION OF 1 80 PER CUBIt CM 

NUCL IO€ 

81-214 
PO-209 
PO-2 IO 
PO-2 1 1 
QQ-2 12 
PO-2 13 
PO-2 14 
00-2 I5 
PO-216 
PO-218 
41-21 1 
AT-2 17 
RN-2 18 
RN-2 19 
nu-220 
nN-222 
FQ-22 1 
FR-223 
R4-2 2 2 
RA-223 
R A-224 
RA-225 
R h-2 26 
RA-228 
AC-225 
AC-227 
4C-2 2 8 
TU-2 26 
TU-227 
TH-228 
TH-2 29 
W-230 
TH-2 3 1 
TH-232 
tH-233 
TH-234 
P A-230 
P4-231 
PA-233 
PA-234 
P4-234M 
U-230 
U-23 1 
U-232 
U-233 
U-234 
U-235 
U-236 
U-23 7 

HALF-L I FE 

19.9 H 
102 Y 

138.378 0 
0.516 S 

2098E-7 S 
402E-6 S 

1.631E-4 S 
10778E-3 S 

0.146 S 
3.05 M 

7.214 H 
0.0323 S 

0.035 5 
3.96 S 

55.61 5 
3.8235 D 

4.8 H 
21.8 H 
38.0 S 

11.434 D 
3.62 Q 
14.8 Q 
1600 Y 
5.75 Y 
10.0 0 

21.713 Y 
6.13 H 
30.9 M 

18.718 Q 
1.9132 Y 
7034E3 Y 
7.7E4 Y 
25.52 F( 

10405E10 Y 
22.3 H 

24.10 Q 
17.4 D 

3.276E4 Y 
27.0 D 
6.70 H 
1.17 H 
20.8 0 

4.2 0 
72 Y 

1.592E5 Y 
2.445E5 Y 
7.038E8 Y 

2.3415E7 Y 
' 6.75 0 

PHOTON 
OOSE RATE 

I SV/YR)  

7.61E-03 
1. 74E-05 
4.26E -08 
3 9OF-05 
0.0 
1.53€-07 
40 18E-07 
7.48E-07 
7.27E-08 
0.0 
1. W E - O I  
1.19E-06 
3. 78E-06 
2.88E-04 
2.62E-06 
1 96E-06 
1 55 E-04 
2. 77E-04 
4.62E-05 
6.83E-04 
5 O2E-0 5 
7.54E-OS 
3. 39E-05 
2.11E-11 
7.95E-05 
1.38F-06 
4.67E-03 
4. 30E-05 
5. 52E-04 
1.57E-OS 
4. 81E-04 
7.26E-06 
1.21 E-04 
6.  19E-06 
1 77E-04 
4.64E-05 
3.33E-03 
1.88E-04 
1. L O € - 0 3  
9.89E-03 
5.7%-05 
1. 36E-05 
4 . W - 0 4  
9.24 E-06 
3.70E-06 
7. 66E-06 
7. 66E-04 
7.13E-06 
7.30E-04 

EL EC TR ON TOTAL 
DQSE RATE OOSE RATE 

I SVIYRt t SV/YR 1 

1.63E-03 
2 8 1 E-0 6 
0.0 - 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 ; 
0.0 . '  
8.74E-06 
0.0 
0.0 
1 79 E-05 
0.0 
0.0 
2. 70E-05 
90 TOE-04 
2.05E-06 
2. 06E-04 
6.30E-06 
2.67E-04 
9. 98E-06 
2.96E-05 
6.33 E-05 
30 19E-05 
1.10E-03 
5 6TE-05 
1.12E-04 
5.5lE-05 
2. 9OE-04 
3.74E-05 
4.18E-04 
3. 17E-05 
1 04E-03 
L.51E-04 
1051E-04 
1 04E-04 
5 32E-04 
1 35 E-03 
2. 08E-03 
5. 62E-Of 
I 67E-04 
4. 19E-05 
8 77 E-06 
3.29E-05 
1. 22E-04 
2.79E-05 
5. 03E-04 

9.24E-03 
2. O2E-05 
4. 26E-08 
3.90E-05 
0.0 
lm53E-07 
4.18E-0 7 
70 48E-07 
7.27E-08 
0. 0 
2.08E-04 
1 19E-06 
3. 78E-06 
3eO6E~04 
2. 62E-Oh 
1 %E-06 
1 82E-04 
1.25E-03 
4. 83E-05 
8. 89E-04 
5 65E-0 5 
3.42E-04 
4m39E-05 
2 96E-0 5 
10 43E-04 
3. 33E-05 
5- 77E-03 
9. 97E-05 
6. 65E-04 
7.08E-05 
7m70E-04 
4 47E-0 5 
5.40E-04 
3. 79E-05 
lm22E-03 
1097E-04 
3 68E-03 
2. 92E-04 
1. 63E-03 
1.12E-02 
2. 13E-03 
6.  97E-05 
5.85E-04 
5. l lE-05 
1. 25E-05 
4. 06E-05 
8.  88E-04 
3. 5OE-05 
1.23E-03 



240 

OOSE-RaTE CONVERSION FACTORS FOa !MMERS!ON !N CONTAMINATED HATER 

OOSE RATE AT BODY SURFACE FOP WATER CONCENTRATION OF 1 80 PER CUBIC CW 

NUCLlOE 

U-238 
U-239 
U-240 
NP-235 
NP-236 
NP-2 3 6M 
NP-23 7 
NP-238 
NP-239 
NP-240 
NP-240M 
PU-236 
PU-237 

___I- PU-238 
PU-239 
PU-240 
PU-241 
PU-242 
PU-243 
PU-244 
PU-245 
PU-246 
AM-241 
AM-242 
AM-242Y 
AY-243 
AM-244 
AM-245 
AM-246 
CM-242 
CM-243 
C M-2 44 
CY-245 
CY-246 
CM-247 
CM-248 
CM-249 
crl-250 
8U-249 
BK-250 
BU-251 
CF-248 
CF-249 
CF-250 
CF-251 
CF-252 
CF-253 
CF-254 
ES-253 

. .  
HAL F-L I FE 

4.468E9 Y 
23-60 M 

14.1 H 
396.1 0. 

1.15E6 Y 
22.5 H 

2.14E6 Y 
2.117 0 
2.355 D 

65 W 
7.4 n 

2.851 Y 
45.3 0 

87.75 Y 
24131 Y 

6537 Y 
14.6 Y 

3.758E5 Y 
4.956 H 

8.26E7 V: 
10.57 H 
10.85 0 
432.2 Y 
16.02 H 

7.38E3 Y 
10.1 H 

122.4 M 
25.0 M 

163.2 0 
28.5 Y 

18.11 Y 
8.5E3 Y 

152 Y 

4.75E3 Y 
1.56E7 Y 
3.39E5 Y 

64.15 M 
6.9E3 Y 
320 0 

3.222 H 
57.0 M 

333.5 0 
350.6 Y 
13.08 Y 
9.OE2 Y 
2.639 Y 
17.81 0 
60.5 0 

20.467 0 

PWTON 
DOSE C A T €  

( S V / Y R l  

6. 29E-06 
2 54 E-04 
3.50E-05 
30 54E-05 
7.31E-04 
2.71F-04 
1.69 E-04 
2 80E-03 
8.68E-04 
5.85E-03 
1.68E-03 
9.48E-06 
2.73 E-04 
8.32E-06 
30 39E-06 
7.94E-06 
0.0 
6.59E-06 
1.27E-04 
5.68E-06 
2.10E-03 
5 06E-04 
1.46E-04 
9.06E-05 
2.45E-05 
3.OOE-04 
4mO8E-03 
1.02E-04 
4.94E-03 
8 72 E-06 
6.69E-04 
7.76E-06 
3.89E-04 
6.91E-06 
1.59E-03 
50 49E-06 
9.43E-05 
0.0 
0.0 
4.47E-03 
0.0 
6.23E-06 
1.67E-03 
6.23E-06 
6.15E-04 
5 79 E-06 
1.05E-07 
1.12E-10 
5.12 E-06 

ELECTRON 
OOSE PATE 

t S V I Y R  8 

2.48E-05 
1.03E-03 
3.96E-04 
8.69E-06 
5.67E-04 
2. LOE-O* 
1.82E-04 
6.50E-04 
6.59E-04 
1.15E-03 
1.55 E-03 
3.10E-05 
2.52E-05 
2.41E-05 
1.43E-05 
2.43E-05 
1.3LE-05 
2.00E-05 
4.31E-04 
1.68E-05 
8.33 E-04 
l.35E-04 
8.57E-05 
4.41E-04 
1.05E-04 
7 37 E-05 
8.85 E-04 
7.27E-04 
1.16E-03 
2.20E-05 
3.56E-04 
1 88 E-05 
2 03 E-04 
1 78E-05 
4.26E-05 
1 39E-05 
6.91E-04 
3.15E-06 
8.25E-05 
7 45 E-04 
9.04E-04 
1.30E-05 
1.09E-04 
1.30E-05 
4.60E-04 
1 23E-05 
1.97E-04 
0.0 
6.10E-06 

TOTAL 
DOSE R A T E  

( S V f  YR I 

3.llE-05 
1 28E-0 3 
4.3LE-04 
4.41E-05 
1 30E-03 
4.81E-04 
3 50E-04 
3.4fE-03 
1.53E-03 
7.00E-03 
3.23E-03 
4.05E-05 
2.98E-04 
3.24E-05 
1 77E-05 
3.22E-05 
1.3LE-05 
2 65E-0 5 
5. 58E-04 
2.25E-05 
2.93E-03 
6 4 LE-04 
2.32E-04 
5.32E-04 
1.29E-04 
3.73E-04 
4.96E-03 
8.89E-04 
6.10E-03 
3.08E-05 
1.02E-03 
2.66E-05 
5 0 92E-0 4 
2.47E-05 
1 63E-03 
1.94E-05 
7.85E-04 
3. 15E-06 
8.25E-05 
5.22E-03 
9.04E-04 
I 92E-05 
1 78E-03 
1.93E-0 5 
1 08E-03 
1.81E-05 
1 97E-04 
1.12E-10 
1.12E-05 



241 

DOSE-RATE CONVERS IOW FACTORS FOP IMHERSYON I N  CONTAHINATED WATER 
L ’  ’ 

DOSE RATE AT BODY SUPFACE FOR WATER COWCENTRATION OF 1 BQ PER CUBIC CM 

PHOTON ELECTRON TOTAL 
DOSE RATE DOSE RATE DOSE RATE 

NUCL I DE HALF-LIFE (SV/YR I SV/YR) t SV/YR I . .  
ES-254 275.7 0 9e31E-05 1.41E-04 ’ 2.35E-04 
ES-2s1n 39.3 t i  2.82E-03 5.20EtOC 30 36E-03 
ES-255 39.8 0 4.58E-07 1.77E-04 1.78E-04 
FN-254 3.240 n 6 0 1 E-06 1 26E-05 1 92E-0 5 
FH-255 20.07 H 5.82E-05 2.4SE-01 3.03E-04 
FM-256 157.6 H 0.0 0.0 . . 0.0 

, .  

_ .  



PHOTON O O S E - U A T E  CONVERSION FACTORS FOR V A R I O U S  ORGANS FOR I M M E R S I O N  I N  C O N T A M I N A T E D  WATER 
IN s v m  PER  CUBIC C M ~  

YUCC 1 DE 

w-3 

0E-7 

BE-10 

c-1 I 

C- 14 

N - 1 3  

N - 1 6  

t- 15 

F-16 

NA-22 

Nb-24 

MG-27 

MG-28 

4k-26 

4 ~ - 2 8  

S I - 3 1  

S 1-32 

P-32 

P-33 

5-35 

C l - 3 6  

CL-38 

at?-37 

aa-39 

AR-41 

H A L F - L I F E  

12.28 Y 

53.44 0 

1.6E6 Y 

20.48 Y 

5.73E3 Y 

9 . 9 7  M 

7.13 S 

122.24 S 

109.14 H 

2.602 Y 

15.00 H 

9 .458 M 

2 0 . 9 1  H 

7.2E5 Y 

2.240 M 

157.3 Y 

3.3E2 Y 

14.29 0 

25.4 0 

87 .44  0 

3.01E5 Y 

37.21 H 

35.02 0 

269 Y 

1.827 H 

ADR EN AL S 

0.0 

1.26E-04 

0.0 

2.58E-03 

0.0 

2.58E-03 

1.43E-02 

2 .586-03 

2 5 OE -03 

5.59E-03 

1.15E-02 

2.35E-03 

3.49E-0 3 

7 .1  l E - 0 3  

4.80E-03 

2.27E-06 

0.0 

0.0 

0.0 

0.0 

2.02E-12 

4 .13E-03 

3.22E -1 0 

0 .o 

3 . 2 9 E 4 3  

BLA00Ea 

0 :o 

1.19E-04 

0.0 

2.45E-03 

0.0 

2 45 E - 0  3 

1.45 E-02 

2.4SE-03 

2.386-03 

5.46E-03 

1.18E-02 

2.28E-03 

3.44E-03 

7.13E-03 

4.92E-03 

2.2CE-06 

0.0 

0.0 

0.0 

0.0 

3.64F- I 9  

4.25E-03 

5.81E-I 7 

0 .0  

3.27E-03 

BRA1 N 

0.0 

1 32E-04 

0.0 

2 73 Ea03 

0.0 

2.73E-03 

1-546-02 

2.73E-03 

2.65E-03 

6.12E-03 

1.3 lE-02 

2 56 E-03 

3 87E-03 

7.98E-03 

5..52E-03 

2 5%-06 

0.0 

0 .0  

0.0 

0 .0  

1 61 E-13 

4.75 E-03 

2.57E-11 

0.0 

3 69E-03 

BRE AS T 

0.0 

1. 59E-04 

0.0 

3.2SE-03 

0.0 

3.25E-03 

1.856-02 

3.26E-03 

3.15E-03 

6.90E-03 

1.48E-02 

2.87E-03 

4.38E-03 

9.03E-03 

6 . l l E - 0 3  

2. 81E-06 

0.0 

0.0 

0.0 

0.0 

1.58E-LO 

5.30E-03 

2.52E-08 

0.0 

4.08E-03 

HEART 

0.0 

1 . M - 0 4  

0.0 

2.39 E-0 3 

0.0 

2.40 E-0 3 

1.43E-02 

2 e4OE-03 

2.32E-0 3 

5.3 7 E-0 3 

1.  LEE-02 

2.25E-03 

3 4OE-0 3 

? . O b € - 0  3 

4.90 E-03 

2.24E-06 

0.0 

0.0 

0.0 

0.0 

2.63E-13 

4.2+E-0 3 

4.20E-11 

0 .o 

3 2 4 E-03 

sMaLL 
1NTEST !NE 

0 .0  

I.  04E-04 

0.0  

2 .  15E-03 

0.0 

2.15E-03 

1 3 7 E-02 

2.16E-03 

2.09E - 03 

4.90 E - 03 

I .  1 OE-02 

2.04E-03 

3.12E-03 

6.51E-03 

4.56E-03 

2 06E-06 

0.0 

0.0 

0.0 

0.0 

3.39E- 15 

3.95E-03 

5.41 E- 13 

0.0 

2.99E-03 

UPPER 
LaQGE 

r NTESTI  N€ 

0 .0  

1 23E-04 

0.0 

2 .  5CE-03 

0.0 

2. %E-03 

1.53F-02 

2 S4E-03 

2.46E-03 

5. 7lC-03 

1.2%-02 

2.39E-03 

3.62E-03 

7. 51E-03 

5.21E-03 

2.38E-06 

0.0 

0 .0  

0 .0  

0.0 

4.99E-15 

4.51E-03 

1. W E - 1 3  

0.0 

3.4%-03 

LOWER 
LARGE 

! \ T E S T  I N E  

0.0 

I 14E-04 

0.0 

2.35F-03 

0.0 

2.35E-03 

1.43E-02 

2.35s-03 

2.28E-03 

5.27E-03 

1. 16E-02 

2.20E-03 

3 .33E-03  

6.93E-03 

4.81 E-03 

2.19E-06 

Q. 0 

0.0 

0.0 

0.0 

8.29E-13 

4.17E-03 

1.32E-10 

0.0 

3. IEE-03 

N 
P 
N 



PHOTON DOSE-RATE CONVERSION FACTORS FOP VARIOUS ORGAYS FOR IMMERSION I N  CONTAHINATEO WATER 
I Y  S V / Y @  PER BQ/(CUBIC C W  

NUCL I OF 

H-3 

BE-7 

BE-10 

c-11 

C-14 

N-13 

N-16 

C-15 

F-18 

N4-22 

Nb-24 

.YG-27 

WG-Z8 

AL-26 

aL-28 

S1-31 

SI-32 

p-32 

P -33 

5-35 

CL-3b 

CL-38 

49-37 

49-39 

AR-41 

HALF-LIFE 

12.28 Y 

53.44 0 

1.6E6 Y 

20.48 n 
5.73E3 Y 

9.97 Y 

7.13 5 

122.24 5 

109.14 Y 

2.602 Y 

15.00 H 

9.458 Y 

20.91 H 

1.2E5 Y 

2.240 Y 

151.3 Y 

3.3E2 V 

11.29 0 

25.4 0 

87..44 0 

3.01E5 Y 

37.21 Y 

35.02 0 

269 Y 

'1.827 H 

KIONNS 

0.0 

1 23E-04 

0.0 

2.54E-03 

0.0 

2.54E-03 

1 -62E-0 2 

2.54E-03 

2.46E-03 

5.71E-03 

1.27E-02 

. 
2.39E-03 

3.CtE-03 

7.53E-03 

5.23E-03 

2.38E-06 

0.0 

0.0 

0.0 

0.0 

2 4 2E -1 5 

4.54E-03 

3.86E-13 

0.0 

3.44E -03 

L I VEP 

0.0 

1.18E-04 

0.0 

2.44E-03 

0.0 

2.44E-03 

1.45E-02 

2.44E-03 

2.36 E-03 

5.436-03 

1.19E-02 

2 26E-03 

3.136-03 

1. 14s-03 

4.94F-03 

2.25E-06 

0.0 

0.0 

0.0 

0.0 

1.96E-14 

4.27E-03 

3.13E-12 

0.0 

3.2 7 E-0 3 

LUNGS 

0.0 

1 . 2 7 ~ 0 4  

0.0 

2.61E-05 

0.0 

2.62E-03 

1 49E-02 

2.62E-03 

2.54E-03 

5.79E-03 

1 24E-02 

2 4 1  E-03 

3.64E-03 

1.55E-03 

5.19E-03 

2.39E-06 

0.0 

0.0 

0.0 

0 .o 

1.60E-12 

4.49E-03 

2.35E-10 

0.0 

3.46E-03 

HARROW 

0.0 

1.48E-04 

0.0 

3.01 E-03 

0.0 

3.01E-03 

1.56E-02 

3.01E-03 

2.92E-OS 

.6.32E-03 

1.28E-02 

2.60E-03 

3.91 E-03 

8.04E-03 

5.35E-03 

2.51s-06 

0.0 

0.0 

0.0 

0.0 

9.58E-13 

4.61E-03 

1.53E-l'0 

0.0 

3.63E-03 

R EO 
HAPROW 

0.0 

1.30E-04 

0 .o 

2 68E-0 3 

0.0 

2.6 8 E-03 

1 e6 1 E - 0  2 

2.68E-0 3 

2 59 E -0 3 

5. WE-03 

1.27E-02 

2 -45  E - 0  3 

3.68 E-0 3 

7.65 E-0 3 

5.2 6 E-0 3 

2.4 1 E-0 6 

0.0 

0.0 

0.0 

0.0 

5.24E-13 

4.54E-03 

8.36E-11 

0.0 

3.49E-03 

O V A R I  ES 

0.0 

1.13E-04 

0.0 

2 34E-03 

0.0 

2.34E-03 

1 30E-02 

2 34E-03 

2 27E-03 

5.19E-03 

1 0 7E- 02 

2 2OE-03 

3.27E-03 

6 6 3E-03 

4.53E-03 

2.15E-06 

0.0 

0.0 

0.0  

0.0 

T. 9 1  E- 13 

3.88E-03 

1.26E- 10 

0.0 

3.11E-03 

P ANCQ E A S  

0.0 

1 OZE-04 

0.0 

2. IO€-03 

0.0 

2. LO€-03 

I .33E-32 

2. LOF-03 

2.03E-03 

4. T O E - O ~  

1.04F-Oi 

1.95C-03 

2.97E-03 

6.18F-03 

4.29E-03 

1.95E-06 

0.0 

0.0 

0.0 

0.0 

I .  18E-12 

3.72E-03 

1.88E-LO 

0.0 

2 8 3E-0 3 

SKELETON 

0.0 

1.50E-04 

0.0 

3.06E-03 

0.0 

3.06E-03 

i .5e6-02 

3.06E-03 

2.96E-03 

6.42E-03 

1.30E-02 

2.65E-03 

3.97E-03 

8.llE-03 

5.44E -03 

2.55E-0t 

0.0 

0.0 

0.0 

0.0 

2.59E-12 

4.68F-03 

4.14E-LO 

0.0 

3.69E-03 

N 
P 
w 



PHDTON OOSE-RATE CONVERSION FhCTOPS FnQ VAQIfIUS ORGANS FOR IHMEPSION I N  CONTAYINATED WATEQ 
I Y  SV/YR PER BOIICUBIC CHI 

YUCLI OE 

H-3 

9E-7 

RE-LO 

c-11 

C- 14 

N-13 

N-Lb 

C-15 

F-18 

NA-22 

NA-24 

YC-27 

YG-28 

4L-26 

AL-28 

SI -31  

57-32 

P-32 

p-33 

5-35 

CL-36 

CL-38 

49-37 

b9-39 

AR-41 

H4LF -L I FE 

12.28 Y 

53.44 0 

1.6E6 Y 

20.48 n 

5.73E3 Y 

9.97 Y 

7.13 5 

122.24 5 

109.74 M 

2.602 Y 

15.00 Y 

9.458 H 

20.91 H 

7.2E5 Y 

2.240 M 

157.3 Y 

3.3E2 Y 

14.29 0 

25.4 D 

87.44 0 

3.01E5 Y 

37.21 W 

35.02 0 

2 6 9  Y 

1.827 H 

S K I N  

0.0 

1.95E-04 

0.0 

4.01E-03 

0.0 

4.01E-03 

2.08E-02 

4 . O Z E - 0 3  

3.89E-03 

8.80E-03 

1.6 l E - 0 2  

3 69E -03 

5.55E-03 

1.13E-02 

7.66E-03 

3.6 I E -0 6 

0.0 

0.0 

0.0 

0.0 

3.37E-IO 

6.57E -03 

5.38E -08 

0.0 

5.22E-03 

SPL EEN 

0.0 

1.16 E-04 

0.0 

2.38E-03 

0.0 

2.38E-03 

1.41 E-02 

2.38E-03 

2 . 3 i ~ - o  3 

5.27E-03 

1.14E-02 

2.19E-03 

3.32E-03 

6.88E-03 

4.74E-03 

2.18E-06 

0.0 

0.0 

0.0 

0.0 

4.55 E- 13 

4.09E-03 

7.27E-11 

0.0 

3.16E-03 

STClMACH 

0.0 

1 17E-04 

0.0 

2 40E-03 

0.0 

2.40E-03 

1.47E-02 

2 . 4 i ~ - o 3  

2.33E-03 

5.33E-03 

1 17E-0 i  

2.24E-03 

3.36E-03 

6.97E-03 

4.80E-03 

2 ZOE-06 

0 .o 

0.0.  

0.0 

0.0 

4 .1  1E-13 

4.17E-03 

6.57E-11 

0.0 

3.19E-03 

TESTES 

0.0 

1 7 1  E-04 

0.0 

3.5lE-03 

0.0 

3.51 E-03 

1.99E-02 

3.5LE-03 

3.40E-03 

7.67E-03 

1.62E-02 

3.19E-03 

4.82E-03 

9.88 E-03 

6.73E-03 

3 . 1 4 6 0 6  

0.0 

0.0 

0.0 

0.0 

1.46E-11 

5.80E-03 

2.34 E-09  

0.0 

4.54E-03 

THY MUS 

0.0 

1.29E-04 

0.0 

2 6 6  E-0 3 

0.0 

2.66 E-0 3 

1.61 E-02 

2.66E-03 

2.58E-03 

6.03 E-0 3 

1.28E-02 

2.54E-03 

3.8 i E-0 3 

7 7 3  E-0 3 

5.3 3 E-0 3 

2.51E-06 

0.0 

0.0 

0.0 

0.0 

3.37E-16 

4.59E-03 

5.38 E-1 4 

0.0 

3.63 E-0 3 

rwPnm 

0.0 

1.56E-04 

0.0 

3 2 5E-03 

0.0 

3.25E-03 

1.60E-OZ 

3.25E-03 

3.15E-03 

7.2OE-03 

1.48E-02 

3.05E-03 

4.55 E- 03 

9.17E-03 

6.26E-03 

2.986-01 

0.0 

0.0 

0.0 

0.0 

1 0 1 E- 12 

5.36E-03 

1 6 1E-10 

0.0 

+a 30E-03 

UTEQUS 

0.0 

1 03E-04 

0 . 3  

2.13E-03 

0.0 

2.13E-03 

1.28s-02 

Z.13F-03 

2.ObE-03 

4.79E-03 

1.06E-02 

1.97E-03 

3.03E-03 

6.38E-03 

4.45F-03 

2.00c-06 

0.0 

0.0 

0.0 

0.0 

1.47E-16 

3.86E-03 

2.35F-14 

0.0 

2 90E-03 

TOTAL 
noov 

0.0 

1.36E-04 

0.0 

2.80E-03 

0.0 

2.80E-03 

1.57E-02 

2 . 8 0 5 - 0 3  

2.71F-03 

6.16E-03 

1.31E-02 

2.57E-03 

3.88E-03 

7.99E-03 

5.48E-03 

'2.53E-06 

0.0 

0.0 

0.0 

0.0 

2.02E-11 

4.73E-03 

3.22E-09 

0.0 

3.67E-03 

N 
P 
P 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGAWS FOP. IMMERSION I N  CONTAMINATE0 WATER 
I N  SV/YR PER BOItCUBIC C M B  

NUCL I DE 

K-40 

((-42 

K-43 

CA-41. 

c n-45 

cn-47 

CA-49 

sc-44 

SC-46 

SC-46Y 

sc-47 

sc-48 

sc-49. 

T 1-44 

TI-45 

T I - 5 1  

v-48 

v-49 

V-52 

CR-49 

CR-51 

YN-52 

MN-52M' 

MY-53 

MN-54 

HALF-LIFE 

1.277E9 Y 

12.36 t i  

22 .6  H 

1.03E5 Y 

1 6 2 . 1  0 

4.536 0 

8.719 Y 

3 .927 H 

83.80 0 

18.72 s 

3 .422 0 

43.61 H 

57.4 Y 

47.3 Y 

3.08 H 

5.752 Y 

15.911 0 

3 3 0  0 

3.75 Y 

42.09 Y 

27 .704 0 

5.591 0 

21.4 M 

3.7E6 Y 

312.1  0 

AOREN BL S 

3.98E 4 4  

1.09E-04 

2.48E-03 

7.5 lE-10 

6.06E-15 

2. 72E-03 

9 .25E-03 

5 . 4 8 E - 0 3  

5.26E-03 

2.30E 4 4  

2. 8OE -04 

8. T4E-03 

2 . 7 9 E 4 6  

2.87E-64 

2 .20E-03 

9.46E -04 

7.55E-03 

2 .27E-09 

3 .69E-03 

2.63E-03 

8.03E-05 

8 .93E-03 

6 . 1 3 E - 6 3  

4.22E-09 

2 19E -03 

BLAODER 

h.01E-04 

7. LTE-04 

2.34F-03 

1.35F-16 

5'. 5 BE- 19 

2. TOE-03 

9.546-03 

5.32E-03 

5.14E-03 

2 12 E-04 

2.57E-04 

8.60E-03 

2.85E-06 

3 06 E-04 

2 0 9  E-03 

8 83 E-04 

1.&1€-03 

4.09E-lC 

3.71E-03 

2 50 E-0 3 

I 4 2  E-0 5 

8.  TI€-03  

6 02E'03 

1.6 1 E- 16 

2. I 2 E - 0 3  

BPAIY 

4.52E-04 

8.OIE-04 

2.61E-03 

5. 99E-11 

6.50E-16 

3 05 E-03 

1.05E-02 

5.96E-03 

5.79E-03 

2 27€-04 

2.15 E-04 

9.69E-03 

3.2lE-06 

3; 04E-04 

2.33E-03 

9.69E-04 

8.34E-03 

1.81E-LO 

4.18E-03 

2.77E-03 

8.10E-05 

9.87E-03 

6.76E-03 

3.37E-10 

2.38E-03 

BREAST 

4.99E- 04 

8.92E-04 

3.13E-03 

5.88E-08 

2.9OE-13 

3.38E-03 

1.21 E-02 

6.82E-03 

6.44E-03 

3.63E-04 

4.28E-04 

1.07E-02 

3.55E-06 

6.13E-04 

2.78E-03 

1.24E-03 

9.35E-03 

1. TEE-07 

4.62 E-03 

3.44E-03 

1.07E-04 

1 . l l E - 0 2  

1. 69E-03 

3 . 3 l E - 0 1  

2.68E-03 

HEART 

3.97E-04 

1.10E-04 

2.29E-0 3 

9.78E-11 

9.88E-16 

2 .61E-03 

9.55E-03 

5.23E-0 3 

5.08E-03 

2.09E-04 

2.53E-04 

8.51E-03 

2 - 8 6  E-0 6 

2 13 E-04 

2.OSE-03 

8.63E-04 

7.32E -0 3 

2.9kE-10 

3.6 1 E-0 3 

2.44 E-03 

7.24E-0 5 

8. b7E-0 3 

5.93 E-0 3 

5.50E-LO 

2.09E-03 

SMAL L 
INTESTINE 

3.68E-04 

6.59E-04 

2.07E-03 

1026E- LZ 

5.22E- I T  

2.46E- 03 

9.03E-03 

4.76E-03 

4.64E-03 

1 .BZE-O4 

2 . 2 2 E - w  

7.79E- 03 

2.64E-06 

2 .43E-W 

I .84E-03 

7.76E- OQ 

6.69E- 03 

3.81E- 12 

3.40E - 03 

2 19E-03 

6. SO€-05 

7.93E-03 

5.43E- 03 

7.09E-LZ 

'1.89E-03 

WP ER 
LAQGE 

I N T E S T  I N €  

4.23E-04 

7.56F-04 

2.43E-03 

1 86E-12 

7.93E-18 

2 85F-03 

1.01E-02 

5.56E-03 

5.4lE-03 

2.24.F-04 

2.69E -0 4 

9.06E-03 

3.02'-05 

2.92F-04 

2.17c-03 

9.14E-04 

1. 79F-03 

5.61E-12 

3.91E-03 

2.59E-03 

7.65E-05 

9.22E-03 

6.31E-03 

1. o w - 1  1 

2.22E-03 

LOWER 
LARGE 

INTESTINE 

3.90E-04 

6.98E-04 

2.25E-03 

3.08E-10 

3.01 E-15 

2.62F-03 

9-46-03 

5 .  L3E-03 

4.98F-03 

2 - 0 5  E-04 

2.49F-04 

8.34E-03 

2.79E-06 

2.60E-04 

2.OOE-03 

8.53E-04 

7.17F-03 

9.32E-LO 

3.61 F-03 

2.39E-03 

7.1TE-05 

8.49E-03 

5.82E-03 

1.73E-09 

2.04E-03 



PHOTON DOSE-RbTE CONVERSION FACTORS FOR VARIOUS ORGAYS F[)R IMMERSION IN CONTAYINATEC WATER 
I N  S V l Y S  PEP. 8WtCUBIC CM8 

Y U C C I  DE 

U 4 0  

K-42 

K-43 

CA-41 

ca-45 

c A-4 7 

CA-rt9 

sc-44 

SC-46 

SC-46Y 

SC-47 

sc-48 

sc-49 

T I -44  

TI-45 

T I - 5 1  

v-48 

v-49 

V-52 

C R-49 

CR-51 

YN-52 

MN-52M 

MN-53 

MN-54 

HALF-LIFE 

1.277E9 Y 

12.36 H 

22.6 n 

1.03E5 Y 

162.7 0 

4.536 0 

8.719 Y 

3.927 n 

83.80 0 

18.72 S 

3.422 0 

43.61 n 

57.4 M 

47.3 Y 

3.08 H 

5.752 M 

15.971 0 

330 0 

3.75 Y 

42.09 M 

27.704 D 

5.591 0 

21.4 M 

3.IEb Y 

312.7 0 

KIOISEYS 

4.23E-04 

7.57E-04 

2.43E-03 

9.00E-13 

7.53E-17 

2.84E-03 

1 04E-02 

5.56E-03 

5.40E-03 

2.15E-O4 

2.6 l E - 0 4  

9.04E-03 

3.03E-06 

3.17E-05 

2.17E-03 

9.14E-04 

7.78E-03 

2.72E-12 

3.91E-03 

2.59E-03 

7.66E-05 

9.21E-03 

6.31E-03 

5.06E-12 

2.22E-03 

L I VER 

4 01 E-04 

7 17E-04 

2 rn 33E-03 

7 30E- 12 

2.08E-16 

2. IO€-03 

9.60E-03 

5.. 29E-03 

5 . 1 2 E 0 3  

2. I2E-04 

2.56E-04 

8.57E-03 

2.86E-06 

3 04E-04 

2.08E-03 

8.78E-04 

7 38F-03 

2.21E-11 

3.71E-03 

2.49E-03 

7.38E-05 

8.74E-03 

6.01E-03 

4.1OF-11 

2.1 I F 0 3  

LUNGS 

4.23E-04 

7.56E-04 

2. 50E-03 

5.94E-10 

5.47E-15 

2.86E-03 

9.98 E-03 

5.64E-03 

5.44E-05 

2.33E-04 

2 8 1E-04 

9.10E-03 

3.01E-06 

3 35E-04 

2 23E-03 

9.46 E-04 

7.85E-03 

1 79E-09 

3.9LE-03 

2.68E-03 

r . 9 x - 0 5  

9.2%-03 

6.38E-03 

3.34E-09 

2 -2%-03 

MARROW 

4.42E-04 

1.88E-04 

2.90E-03 

3. 57E-LO 

4.73E-I 5 

3.62E-03 

1.02E-02 

6.20E-03 

5.81 E-05 

3.55E-04 

4. IS€-04 

9.65E-03 

3. l lE-06 

5.87E-04 

2.57E-03 

1.15E-03 

8 42E-03 

1.OBE-09 

4.09E-03 

3.2 1 E-03 

9.99E-05 

9.96E-03 

6.94E-03 

2.00E-09 

2.44E-03 

p ED 
MAR ROW 

4 . 2 7 ~ - 0 4  

7.63E-04 

2 56 E-0 3 

1 95 E- 10 

1.83E-15 

2.88E-03 

1 0 3E-0 2 

5.73E-03 

5.5 1 E-03 

2 1 4E-04 

2 -66 E-0 4 

9.19E-03 

3 OQ E-0 6 

2 I 3  E-0 4. 

2 . 2 8 E 4 3  

9. r 3 ~ - 0 4  

7.95E-03 

5.89E-10 

3.95E-03 

2 6 9 E-0 3 

8.2 4E-0 5 

9.4 1 E - 0  3 

6 48 E-0 3 

1 10 E-09 

2 e 2 8 E-0 3 

OVAR! ES 

3. 77E-bi 

6 .  ?LE-O+ 

2 23E-03 

2.94E- 10 

2.82E- 15 

2 . 5 n - q  

8.44E-03 

5.08E-03 

4 94E-03 

1.83F-64 

2.23E-04 

8.22E-03 

2.64E-06 

2.5OE-06 

2.00E-03 

8.  17F-04 

7.07E-03 

8.89E- 10 

3 49E-03 

2 36E-03 

6.  I~E-05 

8.37E-03 

5.70E-03 

1 65E-09 

2.05E-03 

P AYCQ E bS 

3.48-04 

6.22E-06 

2.01E-03 

4.39F-10 

3. Q6E-15 

2.34E-03 

8.52F-03 

4.57E-03 

4.4ZE-03 

1.76E-04 

2.15F-04 

7.41 F-03 

2.49E-06 

2.06s-04 

1.79E-03 

7.59E-04 

6.3W-03 

1.13E-09 

3.22E-03 

2.12E-03 

6 38E-05 

7.56F-03 

5.19E-03 

2.47F-09 

1.82E-03 

SKELETON 

4.49F-04 

8.0 1E-04 

2.94E-03 

9.64F-10 

8.92E-15 

3.07E-03 

1.04E-02 

6.3 OE-03 

5.91’-03 

3.64E-04 

4.2tE-04 

9.82F-03 

3.16E-06 

6.03 E-04 

2.61E-03 

1. irE-03 

8.56E-03 

2.9 1 E-09 

4. M E - 0 3  

3.26E-03 

1.02E-04 

1.0 1 E-02 

7.05E-03 

5.42E-09 

2.48E-03 

h) 
P ut 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION IN CONTAYINATEO WATER 
I N  S V I Y R  PEP BO/ICUBIC C H )  

NUCL 1 OE 

K-43 

K-42 

K-43 

C 4-41 

CA-45 

CA-47 

C A-49 

sc-44 

SC-44 

SC-46 M 

sc-47 

sc-48 

sc-49 

T I - 4 4  

T 1-45 

71-51 

v-48' 

v-49 

V-52 

CR-49 

CR-51 

MN-52. 

YN-S2Y 

MN-53 

4N-54 

HALF-LIFE 

1.277E9 Y 

12.36 H 

22.6 n 

1.03E5 Y 

162.7 0 

4.536 0 

8.719 H 

3.927 H 

83.80 0 

18.72 S 

3.422 b 

43.67 n 

57.4 Y 

' 4 7 . 3  Y 

3.08 H 

5.752 M 

15.971 0 

330 D 

3.75 M 

42.09 M 

27.704 0 

5.591 0 

21.4 M 

3.7E6 Y 

312.7 0 

SKIN 

6 34E -04 

1.13E-03 

3.83E-03 

1.25E-07 

5.43E-13 

4.32E-03 

1 43E -02  

8.60E-03 

8.30E-03 

3.48E-04 

4.19E-04 

1.38E-02 

4.45E-06 

5.55E-0?, 

3.43E-03 

1.44E-03 

1.19E-02 

3.79E-07 

5.87E-03 

4.12E-03 

1.22E-04 

1.41E-02 

9.66E-0 3 

7.05E-07 

3.45E-03 

SPLFEN 

3.87E-04 

6.91 E-04 

2.28E-03 

1.69E- 10 

1 9 1  E- 15 

2.6 1 E-03 

9.23 E-03 

5.14E-03 

4.95E-03 

2.12E-04 

2.5bE-04 

8.29E-03 

2.75E-06 

2.79E-04 

2 03E-03 

8.64E-04 

7.15 E-03 

5.12E-IO 

.3.58E-03 

2 4 3  E-0 3 

7.3OE-05 

8.46E-03 

5.82F-03 

9 52 E- 10 

2.04E-03 

STOMACH 

3.90E-04 

6.98E-04 

2.30E-03 

1.53E-10 

1.88E-15 

2.64E-03 

9.57E-03 

5 21 E-03 

5 04E-03 

2.10E-04 

2.54E-04 

8 42E-03 

2.79E-06 

2'. 85 E-04 

2 OS€-03 

8.68E-04 

7 25 E-03 

4.63E-10 

3 A l E - 0 3  

2.45E-03 

7.29E-05 

8.5 9E-03 

5.88E-03 

8 61 E-10 

2 08E-03 

TESTES 

5.54E-04 

9.88E-04 

3.35E-03 

5.45E-09 

4.23E-14 

3.76E-03 

1.31 E-02 

7.49E-03 

1.18E-03 

3.25E-04 

3.89E-04 

1.2OE-02 

3.91 E-06 

5.12E-04 

3.00E-03 

1.27E-03 

1.04E-02 

1.65E-08 

5.13E-03 

3.62E-03 

1.08E-04 

1. 23 E-02 

8.44F-03 

3.06E-08 

2 98E-0 3 

THY MUS 

4.42E-04 

7.87E-04 

2.57E-03 

1 e25 E-1 3 

1.91 E-1 7 

3.00 E-0 3 

1 03 E -0 2 

5.86E-03 

5 75 E-0 3 

2.51 E-04 

2.99E-04 

9.60E-03 

3.10E-06 

3 99 E-04 

2 e 27 E-03 

9.72E-04 

8.2 1 E-03 

2.79E-13 

4.09E-0 3 

2.75 E-0 3 

8.14E-05 

9.72E-03 

6.6OE-03 

7.05 E-13 

2.36E-03 

T n Y R n I o  

5.22E-04 

9.28E-04 

3.13E-03 

3..76E-10 

5.32E- 15 

3.56 E- 03 

1.17.E-02 

7.05E-03 

6.85 E - 03 

3.21E-04 

3.81E-04 

1.14E-02 

3.64E-06 

5.08E-04 

2.77E-03 

1.20E-03 

9.80E- 03 

l.14E-09 

4 8 3E-03 

3 38E-03 

1.01E- 04 

1.16E-02 

7.90E-03 

2.11E-09 

2 84E-03 

UTERUS 

3 58E-04 

6.42E-04 

2.04E-03 

5.48E-14 

7.13s-19 

2.39E-03 

8.59E-03 

4.64E-03 

4.48E-03 

1.86E-04 

2.26E-04 

7.53E-03 

2. see-06 

2. ME-04 

1 82E-03 

7.73E-04 

6 50E-03 

1.66F-13 

3 3 1 E-03 

2.17E-03 

6.52E-05 

7 .  IO€-03 

5.31E-03 

3.08E-13 

1.83s-03 

TOTAL 
8 0 0 Y  

4.486-04 

8.01E-04 

2.68E-03 

7.5 LE-09  

4.76E-14 

3.03F-03 

1.OSE-02 

6.02E-03 

5.79E-03 

2.54E-04 

3.05 E-04 

9.67E-03 

3.18E-06 

3 82F-04 

2.39E-03 

1.OlE-03 

8.45E-0, 

2. t7E-08 

4 . lS t -03  

2.88E-03 

8.5bE-05 

9.88F-03 

6.79E-03 

4.22E-08 

2.4OE-03 



PHDTOY OM€-RATE COYVERSION FACTORS FOS VARIOUS ORGANS FOR IMMERSION I N  CONTAMINATE0 WATER 
I N  S V / Y R  PER BQ/(CUEIC C C I  

. - - _ _  - _._  - -- _- - ~- I 

NUCLT OE 

UN-56 

UN-57 

FE-52 

FE-55 

FE-59 

C0-56 

CO-57 

co-58 

C.0-58M 

CQ-60 

C?-604 

C0-61 

~ r - 5 6  

YI-57 

t41-59 

N 1-63 

YI-65 

C U - 6 1  

CU-62 

CU-64 

cu-61 

ZN-62 

ZN-65 

ZY-b9 

ZN-69M 

HALF-LIFE 

2.5785 n 

1.47 M 

8.275 n 

2.7 Y 

44.63 0 

78.76 0 

270.9 0 

70.~10 Q 

9.15 H 

5 .271  Y 

10.41 H 

1.650 H 

6 .10  0 

36.08 H 

7.5E4 Y 

100.1 Y 

2.520 H 

3.408 H 

9.74 Y 

12.701 H 

61.88 o 

9 - 2 6  H 

244.4 0 

55.6 M 

13.76 H 

A DR EN AL 5 

4.57E-03 

1.84E-04 

1.87E-03 

5.57E -09 

3.07E-03 

9.75E-03 

3.05E-04 

2.54E -03 

9.98E-09 

6.44E-03 

1.04E-05 

i . 9 e ~ - 0 4  

4.46E-03 

4.97E-03 

9.40E-09 

0.0 

1.41E-03 

2.09E -03 

2.55E-03 

4.79E-04 

2.90E-04 

1.13E-03 

1.51E-03 

1.52E-08 

1.05E-03 

BLAOOER 

4.57E-03 

1 77E-04 

1 76E-03 

1.00E-15 

3 04E-0 3 

9. m - 0 3  

2 84E-04 

2.45 E-03 

2.11E-09 

6.40 E-03 

1 07F-05 

2.07E-04 

4.29E-03 

4.95F-03 

1.69E-15 

0.0 

1.41 E-03 

1.99E-03 

2.42E-03 

4.56E-04 

2.68E-04 

1.08 E-03 

1.49E-03 

1.42 E-08 

9 . 8 ~ - 0 4  

B P A I Y  

5 13E-03 

1.96E-04 

1 94E-03 

4 44E-LO 

3.43E-03 

1 09E-02 

3.03E-04 

2 75 E-03 

I .46E-09 

7.22E-03 

1 15E-05 

2 13E-04 

4.79E-03 

S.56E-03 

7 4 9  E- 10 

0.0 

1.59E-03 

2 22E-03 

2.70E-03 

5.08E-04 

2 86 E-04 

1 20E-03 

1.67E-03 

I .57E-08 

1.1OE-03 

BPEAST 

5.73E-03 

2.46E-04 

2 46 E-03 

4.36F-07 

3.79E-03 

1.23E-02 

5.05 E-04 

3.12E-03 

6.43E-07 

7.97E-03 

1 61  E-05 

3. SEE-04 

5.66E-03 

6.26E-03 

7.36E-0 7 

0.0 

1. %E-03 

2.64E-03 

3.21 E-03 

6.04E-04 

4.47E-04 

1.45 E-03 

1. &E-05 

1.95E-08 

1 34E-03 

HE ART 

4 54 E -0 3 

1.74E-04 

1.72E-03 

7.25E-10 

3.01E-03 

9.69E-03 

2.79 E -04 

2. 4 1  E-03 

1 93 E-09 

6.33E-03 

1 OlE-0 5 

1.89E-04 

4.23 E-03 

4.90E-03 

1.22E-09 

0.0 

1.40E-03 

1.95 € 4 3  

2.37 E-03 

4.46E-04 

2.61E-04 

1.05E-03 

1 4 7E-0 3 

1.39E-08 

9.65E-04 

SMALL 
l Y T E S T  I Y E  

4.17E-03 

1.57E-04 

1.54E-03 

4.35E- 12 

2.7bE-03 

8.95E-03 

2.42E-04 

2. ME-03 

9.06E- 10 

5. e x - 0 3  

9.36E-06 

1.7lE-04 

3.82E-03 

4.51E-03 

1.58E- 11 

0.0 

1.29E-03 

1.15E-03 

2 13E-03 

4.01E-04 

2.31E-Ol 

9.47E-04 

1.34E-03 

1 25E-08 

8.67E-04 

UOPER 
LAOGE 

I N W S T I Y E  

4.83E-03 

1.85E-04 

1 rn 83F-03 

1 38E-11 

3.20E-03 

1.03E-02 

3.OOE-0% 

2.56F-03 

2.66E-09 

6.74E-03 

1.09F-05 

2.025-04 

4.49E-03 

5.21 C-03 

2.32E-11 

0.0 

1.49E-03 

2.07E-03 

2.51F-03 

4.73F-04 

2.78C-04 

1 .'1 ZE-03 

1 566-03 

1.4TE-08 

1.02E-03 

L n m  
l. AaGE 

1 Y T  E ST T YE 

4.45F-03 

i . r 0 ~ - 0 4  

1.69E-03 

2.29E-09 

2.95E-03 

9.51E-03 

2.72E-04 

2 3 6 E - 0  3 

4.80E-09 

6.21E-03 

9.92E-06 

1.82E-04 

4.14E-03 

4.8 0 € -03 

3. R6E-09 

0.0 

1.37E-03 

?. 91E-03 

2.32E-03 

4.3 ?E-04 

2.5 8 E-04 

1.03E-03 

1.44E-03 

1.376-08 

9.49E-04 

N 
P 
03 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAMINATE0 WATER 
IN SVIYR DER BOI(CUBIC C W B  

NUCLIOE 

MN-56 

YN-57 

FE-52 

FE-55 

F E-59 

CO-56 

CO-57 

CO-58 

CO-58M 

CO-60 

C 0-60Y 

CO-61 

NI-56 

YI-57 

NI-59 

N 1-63 

NI-65 

CU-61 

CU-62 

CU-64 

CU-67 

ZN-62 

ZY-65 

2-69 

Zht-69M 

HALF-LIFE 

2.5785 H 

1.47 M 

8.275 H 

2.7 Y 

44.63 0 

78.76 0 

270.9 0 

70.80 0 

9.15 H 

5.271 Y 

10.47 M 

1.650 H 

6.10 0 

36.08 H 

7.5E4 Y 

100.1 Y 

2.520 H 

3.408 H 

9.74 Y 

12,701 H 

61.88 0 

9.26 H 

244.4 0 

55.6 Y 

13.76 H 

K I O N M S  

4.84E-03 

1.84E-04 

1.82E-03 

6.6 7E-12 

3.19E-03 

1 m04E-02 

2 88E-04 

2.56E-03 

4.08E-09 

6.73E-03 

L.13E-05 

2.1bE-04 

4.47E-03 

5.21E-03 

1.13E-11 

0.0 

1.48E-03 

2.07E-03 

2.51E-03 

4.73E-04 

2.75E-04 

l . l Z E - 0 3  

1.56E-03 

1.47E-08 

1.OZE-03 

LIVER 

4.57E-03 

1 76E-04 

1. 75E-03 

5.4 1E- 11 

3 03 E-03 

9. 7SE-03 

2 84E-04 

2.43E-03 

1.49E-09 

6.38E-03 

1.06E-05 

2.05E-04 

4.27E-03 

4.94E-03 

9.14E-11 

0.0 

1 41  F-03 

1.98E-0 3 

2.4lE-03 

4.53E-04 

2 a.68 E-04 

1 07E-03 

1.*8E-03 

1 -41E-08 

9.83E-04 

LUNGS 

4.83E-03 

.I. 89E-04 

1.89E-03 

4.40E-09 

3 2 lE-03 

1 03E-02 

3.14E-04 

2.60E-03 

8.8 1 E-09 

6 76E-03 

1 13E-05 

2.22E-04 

4 57E-03 

5.24E-0; 

7.43E-09 

0 .o 

1 49E-03 

2.12E-03 

2.58E-03 

4.86E-04 

‘2.93E-04 

1.15E-03 

1.57E-03 

1.52E-08 

1 06 E-03 

MARQOW 

5.09’-03 

2.27E-04 

2.30 E-03 

2 64 E-09 

3.40E-03 

1.08E-02 

4.93E-04 

2 85 E-03 

7. 73E-09 

7 . l lE -03  

1.37E-05 

3.33 E-04 

5.19E-03 

5.59E-03 

4.46E-09 

0.0 

1.57E-03 

2.44E-03 

2.97E-03 

5. SEE-04 

4.29E-04 

1 33E-03 

1.6TE-03 

1.81E-08 

1 25 E-03 

RED 
MAP.ROW 

4.90E-03 

1.87E-04 

1 e9 1E-0 3 

1 45 E-09 

.3.24€-03 

1.05E-02 

2.74E-04 

2.64E-03 

2 9 5 E-0 9 

6.82E-03 

1.02E-05 

1 7OE-04 

4.62E-03 

5 2 9 E - 0  3 

2.44 E-0 9 

0.0 

1.SOE-03 

<. 17E-0 3 

2 -64  E-03 

4.9 7 E-04 

2.75E-04 

1.17E-03 

1.59E-03 

1 57 E-08 

1.09E-03 

OVAR I ES 

4.29E-03 

I .  65E-06 

1.65 E- 03 

2.18E-09 

2.90E-03 

9.09E-03 

2 45E-04 

2.36E-03 

4.85E-09 

6.08E-03 

9.73E-06 

1.80E-04 

4.07E-03 

4.65E-03 

3.68E-09 

0.0 

1 33E-03 

1.90E- 03 

2.3lE-03 

4.35E-04 

2.33E-04 

I 03E-03 

1.42E-03 

1 33E-08 

9.33E-04 

P ANCR €AS 

3 96E-03 

1.56E-OS 

1.50E-03 

3.25E-09 

2.62E-0 3 

8.49E-03 

2.31E-04 

2. LO€-03 

5.88E-09 

5.53E-03 

8.62F-06 

1. 5lE-04 

3.68E-03 

4.28F-03 

5.49E-09 

0.0 

1 -22E-03 

1. 7OE-03 

2.07E-03 

3.  PO€ -0a 

2 23F-04 

9. I B E - O l  

1 28’-03 

1.22E-08 

8.48E-04 

SKELETON 

5.18F-03 

2.31F-04 

2.34E-03 

7.15E-09 

3.46E-03 

1. LO€-02 

5.07E-04 

2.90E-03 

1 4%-08 

7.23E-03 

1.4OF-05 

3.4 1 E-04 

5.29E-03 

5.68E-03 

1.21E-08 

0.0 

1 59E-0 3 

2 . 4 7 ~ - 0 3  

3.02E-03 

5.67E-04 

*.40E-04 

1.35E-03 

1. 7OE-03 

?.84E-08 

1.27E-03 

N 
P 
W 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGAVS FOR IMMERSION I N  CONTA'4INATEO WATER 
I N  S V l Y R  PER BO/(CUBIC CM! 

NUCL I OE 

MN-56 

MN-57 

FE-52 

FE-55 

F E- 59 

CO-56 

C@-57 

co-58 

Co-58Y 

03-60 

C0-60M 

C0-6 1 

NI-56 

N1-57 

NI-59 

NI-63 

NI-65 

CU-61 

CU-62 

CW64 

cu-67 

ZN-62 

ZN-65 

24-69 

ZN-694 

HALF-LIFE 

2.5785 ti 

1.47 M 

8.275 H 

2.7 Y 

44.63 D 

78.16 0 

270.9 D 

70.80 0 

9.15 H 

5.271 Y 

10 .41  rl 

1.650 H 

6.10 0 

36.08 H 

7.5E4 Y 

100.1 Y 

2.520 H 

3.408 H 

9.74 M 

12.701 H 

61.88 0 

9.26 H 

244.4 D 

55.6 M 

13.76 ti 

SKIN 

7.23E-03 

2.90E -0 4 

2.88E-03 

9.30E-07 

4.87E-03 

1.53E -02 

4.75E-04 

3.99E-03 

1.35E-06 

1.02E-02 

1 93E -0 5 

3.65E-04 

6.96E -0 3 

7.86E-03 

1.57E -06 

0.0 

2.24E-03 

3.25E-03 

3.96E-03 

7.46E-04 

4.43E-04 

1.78E-03 

2.39E-03 

2.32E-08 

1.62E-03 

SPLEEN 

4.40E-03 

1 72 € 4 4  

1 72E-03 

1 26 € 4 9  

2.93E-03 

9.41 E-03 

2.82E-04 

2.36E-03 

3.24E-09 

6.17E-03 

1.00E-05 

1.90E-04 

4. ME-03 

4.70 E- 03  

2.12E-09 

0.0 

1 3 t  E-03 

1.93E-03 

2 3 5 E-0  3 

4.42E-04 

2.65E-04 

1.04E-03 

1.43E-03 

1.39E-08 

9.64E-04 

STOMACH 

4.49E-03 

1.74E-04 

1.73E-03 

1.14E-09 

2.97E-03 

9 -6 1E-03 

2.80E-04 

2.4 1E-03 

3.28E-09 

6.24E-03 

1.02E-05 

1 95 E-04 

4. il E-03 

4.83E-03 

1.92E-09 

0.0 

l.37E-03 

1.95 € 4 3  

2.38E-03 

4.47E-04 

2.64E-04 

1 Ot E-03 

1 45E-03 

1.4OE-08 

9 70E-04 

TESTES 

6.32E-03 

2.54E-04 

2.55E-03 

4.04E-08 

4.23E-03 

1.35E-02 

4.42E-0 4 

3.45 E - 0 3  

6.76E-08 

8. 88E-03 

1 .'57 E-0 5 

3.26E-04 

6.09E-03 

6.88E-03 

6.82E-08 

0.0 

1.95E-03 

2.84'E-03 

3.47E-03 

6.52E-04 

4.08E-04 

la55E-03 

2.07E-03 

2.05E-00 

1 42 E-03 

THYMUS 

5.01E-03 

1.98E-04 

1.94E-0 3 

9.30E-13 

3 39 E-0 3 

1.OTE-02 

3.41 E - 0  4 

2.7 1 E-0 3 

1 e95 E-09 

7.11 E-03 

1 2 3 E - 0  5 

2.55E-04 

4.77 E-03 

5.43E-0 3 

1.57E-12 

0.0 

1.56E-03 

2 17E-0 3 

2 62 E-0 3 

4.94 E-04 

3.13 E-04 

1. LEE-0 3 

1.66E-03 

1 54 E-08 

1.07 € 4 3  

THYRO IO 

5 9 3E-03 

2.42E-04 

2.39E-03 

2.79E-09 

4.02E-03 

1.26E-02 

4.39E-04 

3 2 7E-03 

9.22E-09 

8.43E-03 

1.496-05 

3.18E-04 

5 77E-03 

6.45E-03 

4. TOE-09 

0.0 

1 85E-03 

2.65 E- 03 

3.21E-03 

6.04E-06 

3.97E-04 

1.44E-03 

1.97E -03 

1.90E-08 

1 3 2 6 0 3  

UTERUS 

4.06E-03 

1 54E-OQ 

1.53E-03 

4.06F-13 

2.67E-03 

8.65E-03 

2 47E-04 

2.12E-03 

3. TIE-10 

5.65E-03 

9.01E-06 

1 68E-94 

3. 74E-03 

4.40E-03 

6.86E-13 

0.0 

1 25E-03 

1.73E-03 

2m10E-03 

3.96E -0Q 

2 35E-04 

9.32E-04 

1.30E-03 

1 24E-08 

8.62E-04 

TOTAL 
BOOY 

5.12E-03 

2.03E-04 

2.33E-03 

5.57E-08 

3.41 E-03 

1.09E-02 

3.44E-04 

2.77E-03 

8. t 3 E-0 8 

7.1 B E - 0 3  

1.24E-05 

2.49E-04 

4.88E-03 

5.56E-03 

9.4OF-08 

0.0 

1.58E-03 

2.27E-03 

2.76 € 4 3  

5.20E-04 

3.19E-04 

1.23E-03 

1.51E-03 

1.63E-08 

1.13E-03 



PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAHINATEO WATEQ 
I N  SV/YR PER BO/(CU8IC CHI 

NUCLIOE 

GA-bb 

GA-61 

GA-68 

G 11-12 

GE-68 

GE-71 

G E - 7 1  

A S-7 2 

65-13' 

AS-74 

AS-16 

AS-11 

SE-73 

SE-75 

SE-19 

ea-77 

BR-80 

BR-80H 

en-82 

8R-83 

09-84 

'195-85 

KR-19 

KR-8 1 

KR-834 

HALF-LIFE 

9.40 H 

3.261 0 

68.0 M 

14.1 H 

288 0 

11.8 0 

11.30 H 

26.0 H 

80.30 0 

17.17 0 

26.32 H 

38.8 H 

1.15 H 

119.78 0 

6.5E4 Y 

57.04 H 

17.4 M 

4.42 H 

35.30 t i  

2.39 H 

31.80 M 

112 s 

35.04 H 

2elE5 Y 

1.83 H 

AORENALS 

6.86E-03 

3 63E -04 

2.41E -03 

7.39E -03 

2.25E-08 

2.27E-08 

2.75E-03 

4.62E-03 

8r2 lE-06  

1.95E -0 3 

1.11E-03 

2.19E-05 

2.74E -03 

9.86E -04 

0.0 

8.04E-04 

1.91E-04 

1.02E-05 

6.84E-03 

1.89E-05 

4.97E-03 

1. 14E-04 

6.42E-04 

2.55E-05 

6 . l l E - 0 8  

BLbODER 

6 89E-03 

3.39E-04 

2.29E-03 

7.41E-03 

5 09E-15 

5.15E-15 

2 62 E-03 

4.45 E-03 

9.72E-06 

1 86E-03 

1 OTE-03 

2.04E-05 

2. bo€-03 

9.09E-04 

0.0 

7.57E-04 

1 82 E-04 

1.52E-05 

6.64E-03 

1.80E-05 

5.03E-03 

1. TOE-04 

6 06 E-04 

2.33E-05 

1.08E-08 

8 R  A I  N 

7.63E-03 

3 64E-04 

2.55 E-03 

8 29 E-03 

1 80E-09 

1.82E-09 

2 9 1E-02 

4.98E-03 

8.35E-06 

2 01E-03 

1.20E-03 

2 22E-0 5 

2.87E-03 

9.83 E-04 

0.0 

8.37E-04 

2.04E-04 

1.73E-06 

7.46E-03 

2 00E-05 

5.59E-03 

1 .91E-04 

6 7lE-04 

2 -52E-05 

8.53t-09 

BSEAST 

8. 77E-03 

5.43E-04 

3.03E-03 

9.31E-03 

1 . 7 4 E 0 6  

1 76 E-06 

3.54E-03 

5.7bE-03 

2. 12E-0 5 

2 43 E-03 

1.38E-03 

2.97E-05 

3.59E-03 

1. 4LE-03 

0.0 

1.04E-03 

2.38E-04 

5.04E-05 

8 . 4 5 ~ 0 3  

2 37E-0 5 

6.33E-03 

2.14E-04 

8.286-04 

3.82E-05 

1 60E-0 6 

HE ART 

6.84E-03 

3.29E-04 

2 24 E-0 3 

1.36E-0 3 

2 94E-0 9 

2.91E-09 

2 5 BE-03 

4.37 E-0 3 

1.40E-0 6 

1.8 2E-0 3 

1.05 E-0 3 

1 .99E-05 

2.53E-03 

8.89E-04 

0.0 

7.41E-04 

1.78E-04 

7.25E-06 

6.55E-03 

1 T6E-0 5 

5 0 1 E-0 3 

1.6 BE-04 

5.93 E-04 

2.21E-05 

1.0 3E -0 8 

SMALL 
INTEST INE 

6.36E-03 

2.92E-04 

2.02E-03 

6. 79E-03 

3.92E-11 

3.97E-11 

2.34E-03 

3.96E-03 

7.01E-06 

1.64E-03 

9.56E-06 

1. 18E-05 

2 27E-03 

7.90E-04 

0.0 

6.66E-04 

1 61E-04 

8.20E-06 

5.95E-03 

1.58E-05 

4.66E-03 

1 53E-OI 

5.33E-09 

2 04E-05 

5.74E-09 

u w E a  
L4RGE 

1 N TEST1 Y E  

7 .21~-03  

3.50E-04 

2.38E-03 

T.83E-03 

5.30E-11 

5.36F-11 

2 74F-03 

4.65E-03 

8.31E-06 

1 93s-03 

1. 12E-03 

2.10E-05 

2.68E-03 

9.44E-04 

0.0 

7.86E-04 

1.90E-06 

1.16E-05 

6 96E-03 

I .  81F-05 

5.32E-03 

1 79E-04 

6.29E-04 

2.40E-05 

8.56E-09 

COWER 
LARGE 

I N T E  ST I NE 

6.74E-03 

3.23E-04 

7.19E-03 

1.22E-03 

9.26E-09 

9.36E-09 

2.54E-03 

4.28E-03 

T.34E-06 

l.78E-03 

1.03E-03 

1.96F-05 

2.48E-03 

8.78E-04 

0.0 

1.28E-04 

1.75E-04 

8.71E-06 

6.4 1 E-03 

1.12E-05 

4.93E-03 

1.64E-04 

5.83E-04 

2.26E-05 

2.3 2€-08 



PHOTON DOSEdATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAMINATED WATER 
IN SVIYR PER eoi(cueic cat  

NUCl I DE 

GA-66 

GA-67 

GA-68 

GA-72 

GE-68 

GE-71 

CE-77 

45-72 

3s-73 

AS-74 

AS- 76 

AS-77 

s E- 73 

SE-75 

SE-79 

BR-77 

9R-80 

Ba-80Y 

8R-82 

9R-83 

0R-84 

BR-85 

KR-79 

KR-81 

KR-83Y 

HALF-LIFE 

9.40 H 

3.261 r) 

68.0 Y 

14.1 H 

288 0 

1.1.8 0 

11.30 H 

26.0 t i  

80.30 0 

17.77 0 

26.32 H 

38 .8  H 

7.15 H 

119.18 0 

6.5E4 Y 

57.04 n 

17.4 Y 

4.42 H 

35.30 t i  

2.39 H 

31.80 W 

172 S, 

35.04 H 

2.1E5 Y 

1.83 H 

KIDNEYS 

7.38E-03 

3.48E-04 

2.38E-03 

7.87E-03 

7.8SE-I I 

2.88E -1 1 

2.73E-03 

4.64E-03 

1.08E-05 

1.93E-03 

1.12E-03 

2.10E-05 

2.69E-03 

9.34E-04 

0.0 

7.8 5E -04 

1 89E-04 

2.07E-05 

6.95E-03 

1.86E-05 

5.40E-03 

1.78E 4 4  

6.28E-04 

2.40E-05 

1.75E-08 

LIVER 

6.89E-03 

3.38E-04 

2.28E-03 

7.41 E-03 

2.25E- 10 

2.27E-LO 

2 61  E-03 

4.43E-03 

9.29E-06 

1.85E- 03 

1.07E-03 

2.03E-05 

2.58E-03 

9.06E-04 

0.0 

7.53E-04 

1 8 1 E-04 

1.18E-05 

6 e 6  1E-03 

1.79E-05 

5.04E-03 

1.69E-04 

6.02E-04 

2 32E-0 5 

9.46E-09 

LUNGS 

7 25E-03 

3.68E-04 

2.44E-03 

7 83E-03 

1.78E-08 

1 .80 E-08 

2 80E-03 

4 73E-03 

1.04E-05 

1 -98E-03 

I 14E-03 

2.19E-05 

2 78E-03 

9.85E-04 

0 .o 

8 .  LO€-04 

1.94E-04 

1.35E-05 

7 05 E-03 

1 .92E-05 

5-29 E-03 

1. B O € - O l  

6 47E-04 

2 e52E-05 

4 07E-08 

MARROW 

7.67E-03 

5. ME-04 

2.80E-03 

8.23 E-03 

1.08E-08 

1 09 E-08 

3.25 E-03 

5.26E-03 

1.88E-05 

2.25E-03 

1.26E-03 

2.79 E - 0  5 

3. %E-03 

1.34E-03 

0.0 

9.65E-04 

2.19E-04 

2.37E-05 

7.67E-03 

2.19E-05 

5. 51E-03 

I .  94E-04 

7.64E-04 

3.2%-05 

4.45 E-08 

REO 
MARROW 

7.45E-03 

3.49E-04 

2.50E-03 

7.96 E-03 

5 8 5 E-09 

5.91 E-09 

2.85E-03 

4.82 E-0 3 

5 20 E-0 6 

2.02E-03 

1.16E-03 

2.22E-05 

2.80E-0 3 

9.75 E-04 

0.0 

8.2 6 E-04 

1.98E-04 

5.43 E-0 6 

7.15 E-0 3 

1.9tE-05 

5.42E-03 

1.83E-04 

6 62 E-0 4 

2.58F-05 

1.40E-08 

O V A R I  N 

6 3 1 E- 03 

3.OOE-05 

2.19E-03 

6.90E- 03 

8.82E-09 

8.92E-09 

i .45E-03 

4.25E-03 

7.55E-06 

1. 78E-03 

1.OZE-03 

I 86E-05 

2.44E- 03 

8.12E-04 

0.0 

? a l l € - 0 4  

1 7SE-05 

9.81E-06 

6.37E-03 

1 .  72E-05 

P ANCQ E A S 

6.04E-03 

2 8JF-04 

1.96E-03 

6.44E-03 

1.31E-08 

1.33E-08, 

2.26E-03 

3.82E-03 

5.59E-06 

1. S9E-03 

9.20E-04 

1.74E-05 

2.20E-03 

r . 7 1 ~ - 0 4  

0.0 

b.48E-04 

1.56E-04 

6.5 LE-06 

5.71E-03 

1. 54E -05 

SKEL €TON 

7.79E-03 

5.28E-04 

2.85E-03 

8.37E-03 

2.89€-08 

2.92E-08 

3.3 1 F - 0  3 

5.35E-03 

1.93E-05 

2.28E-03 

1. Z8E-03 

2.84€-05 

3.39E-03 

1.37E-03 

0.0 

9i82E-04 

2.22F-04 

2.43E-05 

7.80E-03 

2.23E-05 

4.6lE-03. 4.42F-03 5.59E-03 

1.63E-OI 1.46E-Ol 1.97E-04 

5.70E-04 5.19E-04 7.77E-04 

Z.1OE-05 2eOlE-05 3.32E-05 

2.32E-08 2.SOE-08 6.76E-08 

N 
VI 
N 



PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGAYS FOR IMMERSION I N  CONTAMINATE0 WATER 
I N  S V l Y R  PER BQ/(CUBIC C H I  

NUCLI  OE 

G a-66 

GA-67 

GA-68 

GA-72 

GE-68 

GE-71 

GE-77 

A 5-7 2 

AS-73 

AS- 74 

45-76 

ns-77 

SE-73 

sE-75 

SE-79 

09-17 

BR-80 

8R-80M 

81-02 

BR-83 

em-84 

8R-85 , 

I( R-79 

KR-81 

KR-83M 

HALF-LIFE 

9.40 H 

3.261 0 

68.0 M 

14.1 H 

288 0 

11.8 0 

11.30 H 

26.0 H 

80.30 0 

17.77 0 

26.32 H 

38.8 H 

7.15 H 

119.78 0 

6.5E4 Y 

57.04 H 

17.4 M 

4.42 H 

35.30 H 

' 2e.39 H 

31.80 M 

172 S 

35.04 H 

2.1E5 Y 

1.83 H 

SKIN 

1.0 7E -02  

5.65E-04 

3.75E-03 

1.17E-02 

3.70E-06 

3.74E-06 

4 .25E43  

7.22E-O 3 

3.09E-05 

3.04E-03 

1.73E-03 

3.33E-05 

4 . 2 8 E 4 3  

1.49E-03 

0.0 

1.24E-03 

2.98E-04 

5.70E-05 

1.08E-02 

2.94E-05 

7.77E-03 

2.74E-04 

9.96E-04 

405LE-05 

2.96E-06 

SPLEEN 

6 66 E-03 

3.33E-04 

2.22E-03 

7.  14E-03 

5 10E-09 

5.16E-09 

2.55E-03 

4.30E-03 

7.98E-06 

1.80E-03 

1 O4E-03 

2.OOE-0 5 

2 . 5 2 6 0 3  

8099E-04 

0.0 

7.38E-04 

1 76E-04 

9.27E-06 

6. 4 1  E-03 

1.7456-05 

4.85 E-0 3 

1 64E-04 

5.90E-04 

2. 30 S O 5  

1 74E-08 

STOMACH 

6.84E-03 

3 3 2  E-04 

2.25E-03 

7.29E-03 

4.62E-09 

4.67E-09 

2 5 8E-03 

4.37E-03 

8.40E-06 

1.82E-03 

1.05E-03 

2 00E-05 

2 54E-03 

8 95 E-04 

0 .o 

7 a44E-04 

1.79E-01 

1.03E-05 

6.51E-03 

1 76E-05 

4.98E-03 

1 67E-01 

5.95E-01 

2.29E-05 

1.82E-08 

TESTE S 

9.54E-03 

5. IO€-04 

3.27E-03 

1.02E-02 

1 63E-07 

1.65E-07 

3.74E-03 

6.30E-03 

1.84E-05 

2.65E-03 

1.51E-03 

2 97 E-05 

3.77E-03 

1.35E-03 

0.0 

1 09E-03 

2.59E-04 

3.31 E-05 

9.34E-03 

2.57E-05 

6.93E-03 

2.38 E-04 

8.70E-04 

3.WE-05 

'2.61E-07 

THYMUS 

7.48 E -0 3 

3.89E-04 

2.48 E-0 3 

8.09 E-0 3 

LO7E-12  

4.12 E-1 2 

2.90E-03 

4.88E-03 

1.30 E-0 5 

2.03E-03 

1 17 E-0 3 

2.26E-05 

2.85 E-0 3 

1 03 E - 0 3  

0.0 

8.32E-04 

1.99E-04 

1.90 E-0 5 

7.3 5 E-03 

I e 95E-05 

5.48E-03 

1.89E-04 

6.64E-04 

2.58 E-0 5 

1-31 E-08 

T W R O  I D  

8.75E-03 

4.91E-01 

3.04E-03 

9.54E-03 

1 LIE-08 

1.15E-08 

3.53E-03 

5.89E-03 

L.69E-05 

2.47E- 03 

1.4lE-03 

2.8lE-05 

3.51E-03 

1.29E-03 

0.0 

1.02E-03 

2 .42E-01  

2.60E- 05 

8.82E-03 

2.38E-05 

6.38E-03 

2 26 E- 01 

8.15E-Ob 

3r23E-05 

5. ME-08 

UTERUS 

6.12E-03 

2.95E-04 

1.996-03 

6.59E-03 

1.62E-12 

1 64E-12 

2.30E-03 

3.87E-03 

6.61E-06 

1.6lE-03 

9.35E -04 

1.78E-05 

2.25E-03 

7.98E-04 

0.0 

6.60E-04 

1.58E-04 

7.03E-06 

5.79E-03 

1 56E-OS 

4.48E-03 

1 48E-04 

5.28E-04 

2.05E-05 

3.94E-09 

TOTAL 
BODY 

7.69E-03 

4.OOE-04 

2.6 1E-03 

8.29E-03 

2.23E-07 

2.26F-07 

2.99E-03 

5.05E-03 

1.35E-05 

2.12E-03 

1.21E-03 

2.36E-05 

2.99E-03 

1.06E-03 

0.0 

8.68E-04 

2.07E-04 

2.23E-05 

7.51E-03 

2.05E-05 

5.60E-03 

1.92E-04 

6.94E-04 

2.76E-05 

2.76 E -0 7 



PHOTON OOSE-RATE C W V E R S ~ C I N  FACTORS FOR VARIOUS 
. IN SVIYR PER ect/tcueIc C C I  

NUCLlDE 

UR-85 

K4-85M 

ua-87 

KR-88 

K R-89 

UR-90 

R0-01 

R0-82 

R 8- 83 

R e - 8 4  

RB-86 

R8-87 

RB-88 

AB-89 

ae-90 

RB-90Y 

SR-82 

SR-85 

SU-85Y 

SR-87W 

SII-89 

SR-90  

SR-91 

SR-92 

55-93 

H8LF-Ll FE 

1 o . n  Y 

4.48 H 

76.3 W 

2.84 c( 

3.16 Y 

32.32 S 

4.58 H 

1.25 Y 

86.2 D 

32.9 0 

18.66 D 

4.73E10 V 

17.8 Y 

15.44 Y 

157 S 

258 S 

25.0 0 

64-84  D 

67.66 Y 

2.805 H 

50.55 0 

28.6 Y 

9.5 H 

2 . i i  H 

7.3 M 

AORENbLS 

5.65E -06 

4.05E -04 

2.18E-03 

5.46E-03 

4.97E-03 

3.33E-03 

1.54E -03 

2.78E-03 

1 2 6E -03 

2.33E-03 

2.48E-04 

0.0 

1.74E-03 

5.59E-03 

6.21E-03 

9.OTE-03 

I 5 2E-0 7 

1.29E-03 

5.5lE-04 

8.09E-04 

3.6OE-07 

0.0 

1.80E -03 

3.422-03 

J.90E 0 3  

81800ER 

5 36E-06 

3 72 G O 4  

2.18E-03 

5.58E-03 

4.99E-03 

3.29E-03 

I 45 E-03 

2.64E-03 

1 20E-03 

2.25 E-03 

2.43E-04 

0.0 

1 7TE-03 

5.60E-03 

6.31E-03 

9.15E-03 

2 . T t E - I O  

1 23E-03 

5.03E-04 

T.55.E-04 

3.49E-OT 

0.0 

1.75E-03 

3.42E-03 

J 8 1E-03 

ORGANS FOR IHHERSION I N  CONTAMINATED WATW 

BRAIN 

5.98E-06 

4.OOE-04 

2.43 E-03 

6.22E-03 

5.55E-03 

3. b8E-03 

1 d0E-03 

2 95 E-03 

1.34E-03 

2.52E-03 

2 74E-04 

0 .o 

1 e98E-03 

6.28E-03 

6 90E-03 

1.02E-02 

1 -9JE-08 

1.37E-03 

.5 4 1 E-04 

8.32E-04 

3 93E-07 

0.0 

1 96 E-03 

3 -06  E-03 

6.50E-03 

BQEAST 

7.12E-06 

6.0%-04 

2 80 E-03 

7.03E-03 

6.34E-03 

4.22E-03 

2.01 E-03 

3.49E-03 

1.59E-03 

2.88E-03 

3.03E-04 

0.0 

2 21 E-03 

7.01 E-03 

8.03E-03 

I. 15E-02 

5.12E-06 

1 63E-03 

7.82E-04 

1.05 E-03 

4.39E-OT 

0.0 

2 20E-03 

4.27E-03 

7 . 3 9 5 0 3  

HE AUT 

5 2 4  E-0 6 

3-66 E-04 

2mlTE-03 

5.57E-03 

4 95 E-0 3 

3.2 5 E-0 3 

1.41 E-03 

2.59E-03 

1 18E-0 3 

2.22E-0 3 

2 40 E-0 4 

0.0 

le%€-03 

5.57E-03 

6.28E-03 

9.1 1 E-0 3 

2 83 E-08 

1 2 OE-03 

4 9 1 E-04 

7. 3TE-04 

3.45 E-0 T 

0.0 

1.72 E-03 

3.39E-03 

5.74E-03 

SMALL 
I N T E S T I N E  

4.72E-06 

3 22E-04 

2 01 E-03 

5.18E-03 

4.59E-03 

2.98E-03 

I .  27E-03 

2.33E-03 

1.06E-03 

2 01 E- 03 

2 20E-04 

0.0 

1 63E-03 

5.14E-03 

5.9hE-03 

8.48E-03 

3.00E-09 

I. O B € - 0 3  

4.39E-04 

6 6 2E-04 

3.13E-07 

0.0 

1057E-03 

3.13E-03 

5.25E-03 

UPPER 
L8RGE 

1 NIEST I Y E  

5.56E-06 

3.89E-04 

2.30E-03 

5.92E-03 

J. 2 TE-03 

3.46€-03 

I .  50E-03 

2. T5E-03 

1 25-03 

2.36E-03 

2. SI€-04 

0.0 

1 8 I€-03 

5.92E-03 

6 68E-03 

9. 68E-03 

5. T6E-10 

1.2TE-03 

5.20E-04 

7.8 LE-04 

3.68E-07 

0.0 

1 83F-03 

3.61 E-03 

6. LIE-03 

L o w  
LARGE 

1UTESTINE 

5.14E-Ot 

3. 6OE-04 

2.14E-03 

5.48E-03 

4. 8TE-03 

3.19E-03 

1.39E-03 

2.59E-03 

1.15E-03 

2.17E-03 

2.35E-04 

0.0 

1. I3E-03 

5. 46F-03 

6.24E-03 

8.98E-03 

8.19E-08 

1.18E-03 

4.88E-04 

T.27E-04 

3.38E-07 

0.0 

1.69E-03 

3.32E-03 

J.63E-03 

N 
cn 
P 



PHOTON DOSE-RATE CONVERSION FACTORS FOR V4RIQUS ORGAYS 
I N  SV/YR PES 8 O / t C U 8 I C  CNJ 

NUCL I DE 

KR-85 

KR-85W 

U R - 8 7  

uR-88 

KR-89 

UR-90 

R e - 8 1  

a8-02 

RR-83 

Re-84 

RB-86 

w-er  
Re-88 

U8-89 

R 8-90 

R 8-90Y 

SR-82. 

SR-85 

SR-85Y 

SR-87W 

SR-89 

SR-90 

SU-91 

SR-92 

SR-93 

HALF-L I FE 

10.72 Y 

4.48 H 

76.3 M 

2.84 n 

3.16 M 

32.32 S 

4.58 H 

1.25 M 

86.2 0 

32.9 0 

18.66 0 

4.73E10 Y 

17.8 M 

15.44 M 

15r s 
258 S 

25.0 0 

64.84 0 

67.66 Y 

2.805 H 

50.55 0 

28.6 V 

905 H 

2.71 H 

7.3 r 

KIDNEVS 

5.56E-06 

3.80E-04 

2.33E-03 

5.97E-03 

5.31E-03 

3 46E -0 3 

1.50E-03 

2.75E-03 

1.25E-03 

2.35E-03 

2.55E-04 

0.0 

1.88E-03 

5.95E-03 

6.90E-03 

9*83E 4 3  

6.52E-09 

1.27E-03 

5.18E-04 

7.81E-04 

3.66E-0 7 

0.0 

1 . 8 3 E 4 3  

3.60E-O3 

60 l l E - 0 3  

LIVER 

5.33 E-06 

3. T ~ E - O ~  

2.19E-03 

5.6 1 E-03 

4.99E-03 

3.28E-03 

1 .b4E-03 

2.63E-0 3 

1.19E-03 

2.24E-03 

2.42E-04 

0.0 

1. W E - 0 3  

5 60E-03 

6 32 E-0 3 

9el7E-03 

9.56E-09 

1 22E-03 

5 O2E-0 4 

7 5 1 E-04 

3 . 4 7 ~ 0 ~  

0.0 

I .  74E-03 

3e42E-03 

5 . 7 9 ~ - 0 3  

LUNGS 

5.72E-06 

4.06E-04 

2.31E-03 

5.90E-03 

5 26E-03 

3.49E-03 

1 55E-03 

2 82E-03 

1 28E-03 

2 39E-03 

2 57E-04 

0.0 

1 87E-03 

5.92E-03 

6.58E-03 

9.62E-03 

I . 4 5 ~ - o r  

1 31 E-03 

5.4%-04 

8 0 9 5 0 4  

3. TOE-OT 

0.0 ' 

1 85E-03 

3 61 E-03 

6 l5E-03 

FDR IMMERSION I N  CONTAYINATED WATER 

M4RRQW 

6.59E-06 

5.83E-04 

2 47 E-03 

6.13E-03 

S i  57E-03 

3.19E-03 

1 87 E-03 

3.23E-03 

1.47E-03 

2 63 E-03 

2. 73E-04 

0.0 

le%€-03 

6.19E-03 

6.82E-03 

L.OOE-02 

1.44E-07 

1 51 E-03 

7.4OE-04 

9.77E-04 

3.98E-07 

0.0 

2.00E-03 

3.80E-03 

4.64E-03 

R E D  
MARROW 

5.86E-06 

3.89E-OI 

2.36 E-0 3 

5.99E-03 

5.3 7 E -0 3 

3.52E-03 

1 58E-03 

2 8 8 E-0 3 

1 a31 E-0 3 

2.43E-03 

2.60 E-04 

0.0 ' 

1 89 E-0 3 

6.00 E-0 3 

6.87E-03 

9.81 E-03 

4.88E-08 

1 34 E-0 3 

5.SOE-04 

8.35 E-04 

3. m - o r  
0.0 ' 

1.88 E-03 

3.65E-03 

6.24E-03 

bVARr B 

5.12E-06 

3. m - 0 5  

2.00E-03 

5.09E- 03 

4.60 E- 03 

3.09E-O3 

1 36E-QJ 

2.53E-03 

1. 15E-03 

2.16E-03 

2.33E-04 

0.0 

1.63E-03 

5.23E-03 

5.65E-03 

8.39E-03 

7.79 E- de 
1. L7E-03 

4.45E-OI 

7.05E-04 

3.3 7E- 07 

0.0 

1 68E-03 

3.23E-03 

5.48E-03 

P AWCDE AS 

4.59E-06 

3.13E-04 

1 91E-03 

4.89E-03 

4.36E -0 3 

2.846-03 

1.24E-03 

2 26E-0 3 

1 03E-03 

1.93E-03 

2.09E-04 

0.0 

1.54E-03 

4. 87E-03 

5.64E-03 

8.04E-03 

9.24E-08 

1 05E-03 

4.30E-04 

6 49E-04 

3 0 OOF-0 7 

0.0 

1 50E-03 

2.96E-03 

5 OZE-03 

SIC EL €TON 

6.69E-06 

5.97E-04 

2.51E-03 

6.23E-03 

5.67E-03 

3.85E-03 

1.90E-03 

3.28E-03 

1.69E-03 

2.676-03 

2.78E-04 

0.0 

1. 9 w - 0 3  

6.30E-03 

6.92E-03 

1.02E-02 

2. 3 x - 0 7  

1.53E-03 

r.  5tx-04 

9.93E-04 

4.05E-07 

0.0 

2.03E-03 

3.86E-03 

6.75E-03. 

ru 
VI 
VI 



MOTW OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGAYS FOR IMMERSION IN C~JNTAMINATEO WATER 
I N  S V l W  PER E O / l C U E I C  CMI 

NUCLIDE 

KR-85 

KR-85Y 

KR-87 

KR-88 

K R - 8 9  

KR-90 

R B - 8 1  

RE-82 

Re-83 

RE-84 

98-86 

RB-87 

RB-88 

RE-89 

RE-90 

RB-90Y 

SR-82 

54-85 

SR-85Y 

SR-87Y 

SR-89 

SR-90 

Sa-91 

SR-92 

SR-93 

M U S - L I F E  

10.72 Y 

4.48 H 

76.3 M 

2 - 8 4  n 

3.16 Y 

32-32 5 

4.58 n 

1.25 M 

86.2 D 

32.9 D 

18.66 D 

4.73E10 Y 

17.8 n 
15.44 M 

157 5 

258 S 

25.0  D 

64.84 0 

67.66 M 

2.005 H 

50.55 D 

28.6 Y 

9.5 Y 

2.71 H 

7.3 n 

S K I N  

8-  78E-06 

6.09E-04 

3.41E-03 

8.63E-03 

7.79E-03 

5.24E-03 

2.38E-03 

4.33E-03 

1.98E-03 

3.66E-03 

3.9LE-04 

0.0 

2.76E-03 

8.82E-03 

9.46E - 0 3  

1.41E -0 2 

1.OlE-05 

2.02ET03 

8.23E-04 

1.24E-03 

5.67E-07 

0.0 

2.83E-03 

5.432-03 

9 . 2 8 E d 3  

SPL €EN 

5 2 1 E-06 

3.70E-04 

2 . l l E - 0 3  

5.38E-03 

4.82E-03 

3. LEE-03 

1 41E-03 

2.5 TE-0 3 

1.17E-03 

2. 1 7E-03 

2 34F-04 

0 .0  

1.TOE-03 

5.40F-03 

6. I2E-03 

8.84E-03 

5.54E-08 

1 19E-03 

4.99E-04 

7 . 3 9 F 0 4  

3 e 3  7E-OT 

0.0 

1 68E-0 3 

3.30E-03 

5.6 0 E-03 

STOnacH 

5 -266-06 

3.67E-04 

2.16E-03 

5.50E-03 

4.92E-03 

3.22E-03 

1.42E-03 

2.59E-03 

l.18E-03 

2.21E-03 

2.38E-04 

0 .0  

1.74E-03 

5 5 LE-03 

6.35E-03 

9.08E-03 

5.66E-08 

1.20E-03 

4.96 E-04 

7.42E-04 

3 43 E-07 

0.0 

1 7lE-03 

3 e33E-03 

5.70E-03 

fESTES 

7.68E-06 

5.59E-04 

3 .03E-03 

7.65 E-03 

6-91  E-03 

4.60E-0 3 

2.09E-03 

3.78E-03 

1.72E-03 

3.17E-03 

3.39E-04 

0.0 

2 436-03 

7.74E-03 

8.69E-03 

1 26E-02 

1.03E-06 

l.7bE-03 

7.45 E-04 

1.09E-03 

4.90E-07 

0.0  

2 - 4 5 6 0 3  

4. 74E-03 

8. 11E-03 

I 

THYMUS 

5.82E-06 

4.29E-04 

2.36E -03 

6.04 E-0  3 

5.4CE-03 

3.63 E-0 3 

1.59E-03 

2.8'7E-03 

1 e3 1 E-0 3 

2.49E-03 

2.72E-04 

0.0 

1.9 2E-0 3 

6.16E-03 

6.88E-03 

9.99E-03 

1.92E-09 

1 33 E-03 

5.6 7 E-0 4 

8.22E-04 

3.91E-07 

0.0 

1 94E-0 3 

3 18 E-0 3 

6.38E-03 

TYYRI) I D  

7. lLE-06 

5.44E- 01 

2.78E-03 

7 06E-03 

6 .  COE-03 

4.33E-03 

1.96E-03 

3 5 1  E- 03 

1.6OE-03 

3.00E-03 

3.23E-04 

0.0 

2.2 6 E -  03 

7 .,25€-03 

7.85E-03 

1.16E-02 

I - 70E-07 

1 63E-03 

7.14E-04 

1 0 2E- 03 

4.68E- 07 

0.0 

2 33E-03 

4.48E-03 

7.61E-03 

UTERUS 

4.66E-06 

3.27E-04 

1 96E-03 

5.05E-03 

4.44E-03 

2.9LF-03 

1.26E-03 

2.3OE-03 

1.04E-03 

L.95E-03 

2.  12E-04 

0 .0  

1 59E-03 

4.98E-03 

5.6OE-03 

8.14E-03 

5.39E-I 1 

1. 07E-03 

4.44E-04 

6.6 1E-04 

3-03E-07 

0.0 

1 52F-03 

3.04E-03 

5.12E-03 

TOTAL 
BODY 

6.13E-06 

4.4OE-04 

2.45E-03 

6.22E-03 

5. 58E-03 

3.70E-03 

1.66E-03 

3.02E-03 

1.37E-03 

2.55E-03 

2.73E-04 

0.0 

1.97E-03 

6.27E-03 

6.97E-03 

1.02E-02 

1.OSE-06 

1.40E-03 

5.88E-04 

8.68E-04 

3.94E-0 7 

0.0 

1.97E-03 

3.83E-03 

6.54E-03 



PHOTON DOSE-RATE. CONVERSION FACTORS FOR -VARIOUS ORGANS 
IN SV/YR PER E a / ( c u e i c  c c )  

W C L  I OE 

Y-86 

Y-87 

Y-88 

Y-90 

Y-904 

v-9 1 

Y-91W 

V-92 

Y-93 

ZR-86 

ZR-88 

ZR-89 

2-93 

LR-95 

LR-97 

NE-90 

NE-91 

N8-91q 

NE-92 

N8-92q 

N8-93M 

NE-94 

NE-94rl 

YE-95 

N&95M 

HALF-LIFE 

14.74 n 

80.3 H 

1015.60 0 

64.1 H 

3.19 H 

58.51 0 

49.71 H 

3.54 H 

10.1 ti 

16.5 H 

83.4 0 

78.43 H 

1.53E6 Y 

64.02 D 

16.90 H 

14.60 H 

1E4 Y 

6 1  0 

3.6E7 Y 

10.15 D 

14.6 Y 

2.03E4 Y 

6.26 M 

35.06 0 

86.6 H 

AOREN 61 S 

9 . 4 %  -03 

1.15E-03 

T . 2 5 E - 0 3  

0.0 

1.6LE-03 

9.3IE-06 

1.35E-03 

6.5TE-04 

2.38E-04 

6.95E-04 

9.68E-04 

3.OZE-03 

0.0 

1.91E-03 

4 . 6 8 E 4 4  

1.14E-02 

4.62E-06 

l . l l E - 0 4  

3.89E-03 

2.53E-03 

8.63E -0 8 

4. L I E 4 3  

1.12EO5 

1.99E-03 

1.52EQ4 

EL b DOER 

9 32 E-03 

1 09 E-03 

7.32E-03 

0.0 

1 50 E-03 

9.23E-06 

1 29 E-03 

6 43E-04 

2.35 E- 04 

6.39E-04 

9.046-04 

2 92 E-03 

0.0 

1.846-03 

4.59E-04 

1.lSE-02 

4 04 E-06 

1 09E-04 

3 76 6 0 3  

2.46E-03 

5.27E-09 

3.97E-03 

1 06E-05 

1.92E-03 

1 . 3 8 6 0 4  

ERA1 N 

1.05E-02 

L .22E-03 

8.21E-03 

0.0 

1.6SE-03 

I .  O4E-05 

1 44 E-03 

7.24E-06 

2.62E-04 

6.90E-04 

9 97 E-04 

3 28 E-03 

0.0 

2.06E-03 

5.14E-04 

1 29E-02 

4 56 E-06 

1.23E-04 

4 22E -03 

2. TTE-03 

I .68E-08 

4 46 E-03 

1 l9E-05 

2.16E-03 

1 49E-04 

FOR IMMERSION I N  CONTAYINATEO WATER 

BREAST 

1. LEE-02 

1. 4 7 ~ - 0 3  

9.14E-03 

0.0 

2.13E-03 

1.15E-05 

1.69E-03 

8. I O € - 0 4  

3.04E-04 

9.78E-04 

1.26E-03 

3.72E-03 

0.0 

2 34 E-03 

5.86E-04 

1.46E-02 

1 49E-05 

1 45 E-04 

4.80E-03 

3. L O E - 0 3  

1.93E-06 

5.03E-03 

2 9 OIE-0 5 

2.44E-03 

2.19E-04 

HEART 

9.2 2 E-03 

1.07E-03 

7r20E-03 

0.0 

1 4 7  E-0 3 

9.13E-06 

1.26E-03 

6.36E-04 

2.33 E -0 4 

6.22E-04 

8.82 E-04 

2.88E-03 

0.0 

1 e 8  1 E-0 3 

4.53 E-04 

1.15E-02 

4.03E-06 

1.08E-04 

3. TOE-0 3 

2.44E-03 

2.2lE-08 

3 91 E-0 3 

1.05E-05 

L.89E-0 3 

1.35E-04 

SHhL C 
INTEST 1NE 

8.446-03 

9.60E-04 

6.72E-03 

0.0 

1.32E-03 

8.39 E - 06 

1.13E-03 

5.80E-09 

2.14E-04 

5.5TE-04 

7.93E-04 

2 61 E-03 

0.0 

I. 63E-03 

6.13E-04 

1 06E-02 

3.56E-06 

9.9lE-OS 

3.35E-0) 

2.2 1 E-03 

7.42E-09 

3. 54E-03 

9 46E-06 

1.71E-(R 

1.2lE-06 

UPPER 
C4RGE 

INTESTINE 

9.81E-03 

1.13E-03 

7.74E-03 

0.0 

1 56E-03 

9. t2E-06 

1.34E-03 

6.76E-OQ 

2.4TE-04 

6. 59E-04 

9.35E-OI 

3.06E-03 

0.0 

1 92E-03 

4.8lE-04 

1. 22E-02 

4.19€-06 

I-ISE-04 

3 94E-03 

2 59E-0 3 

6.99E-09 

4; 16E-04 

I. 1 I€-05 

2.01E-03 

1.43E-04 

LOWER 
LARGE 

INTESTINE 

9.04E-03 

1.05E-03 

T.14F-03 

0.0 

1 45 E-03 

8.95E-06 

1 2 3 E-04 

6.23E-04 

2.29E-04 

6.18E-04 

8. TOE-04 

2.82E-04 

0.0 

1.77E-03 

4. C4E-04 

1.13E-02 

4.09E-06 

1.06E-04 

3.62E-03 

2.38E-03 

5.43E-08 

3e82E-03 

ImOIE-05 

1.85€-03 

1.3SE-04 



W T O M  OOSE-RATE CONVERSION FACTORS F O R  VARIOUS ORGANS FOR IMMERSION I N  CONTbYINAT€O WATES 
1 Y  SV/YR PER BQ/(CUBIC CPt  

NUCL f OE 

Y - 8 6  

Y-87 

Y -88 

Y-90 

Y -9OM 

Y-91 

Y-91M 

Y-92 

Y-93 

Z4-86 

iR -80  

ZR-89 

ZR-93 

ZR-95 

Z R - 9 1  

Ne-90 

NB-91 

NB-914 

YB-92 

N8-92Y 

NB-93U 

NB-94 

NB-94Y 

NB-95 

N8-95M 

HALF-L I FE 

14.74 H 

80.3 H 

106.60 0 

64.1 H 

3.19  H 

98.51 0 

49.71 Y 

3 .54  H 

10.1 H 

16.5 4i 

83.4  D 

78.43 H 

1.53E6 Y 

64.02 D 

16.90 H 

14.60 H 

1E4 Y 

61 0 

3.6E7 Y 

.LO. 15 0 

14.6 Y 

2.03E4 Y 

6 .26  M 

35.06 0 

86.6 H 

KIDNEYS 

9.81E-03 

1.13'2-03 

7.76E-03 

0.0 

1.55E-03 

9.7OE-06 

1.33E-03 

6.75E-04 

2.48E-04 

6.61E-04 

9.35E-04 

3.05E-03 

0.0 

1.92E-03 

4.81E-04 

1.23E-02 

4.26E-06 

1 . 1 5 E 9 4  

3.93E-03 

2.59E-03 

2.85E-08 

1.15E-03 

1.12E-05 

2.OlE-03 

1.43E-04 

1 I VER 

9.30E-03 

1.09E-03 

? .33E-0 3 

0.0 

1.50E-03 

9.19E-06 

1 28E-03 

6 .4LE-04 

2.JSE-04 

6 35 E-04 

9. WE-04 

2 .90E-03 

0.0 

1 .e3~-03 

4 57E-04 

I .  is E-02 

4.06E-06 

1.09E-04 

3 T3E-03 

2.45E-03 

1 63E-08 

3 94E-03 

1.05E-05 

1.91E-03 

1 38E-04 

LUNGS 

9 88 E-03 

1 ml7E-03 

7 .  ?+E-03 

0.0 

I e61E-03 

9.75 E-06 

1 37E-03 

6.81E-04 

2.49E-04 

6.89E-OC 

9 6 9 5 0 4  

3 1 OE-03 

0.0 

1 95 E-03 

4.86E-04 

1.22E-02 

4 69E-06 

1.16E-06 

3 99E-03 

2.61E-03 

9.26E-08 

4 2 IE-03 

1.15E-05 

2.04E-03 

1.50E-04 

RARQbW 

1.06E-02 

1.35E-03 

8.O?E-03 

0.0 

1.99E-03 

1 O3E-05 

1.56 E-03 

7.31E-04 

2.12E-04 

8.98E-04 

1.17E-03 

3.38E-03 

0.0 

2.14E-03 

5.30E-04 

1 29E-02 

5.42E-06 

1 23 E-04 

4.37E-03 

2.80E-03 

1.15E-07 

4.59.503 

1.25E-05 

2 . m - 0 3  

2.01E-04 

REO 
M4R ROW 

1.00 E-0 2 

1.ZOE-0 3 

7.83E-03 

0.0 

1.64E-03 

9.84E-06 

1.40E-0 3 

6.9OE-04 

2.53 E-04 

I.OOE-04 

1.00E-03 

3.15E-03 

0.0 

1 99E-03 

4.93E-04 

1 . i3E-02  

4.5 3E-06 

1. LIE-04 

*.OS€-03 

2 .64E-03 

3.13E-08 

4.28E-03 

I. 1 4  E-0 5 

2.07 E-03 

1.52 E-04 

OVA41 ES 

8.82E-03 

1.04E-03 

6.83E- 03 

0 . 0  

1.39E-03 

8.79E-06 

1 Z3E-03 

6.15E-04 

2.18E-04 

5.74E-04 

8.45E-04 

2-81 E-03 

0.0 

1.78E-03 

4.34E-06 

1.06E-OZ 

4.07E-06 

1.04E-09 

3.62E-03 

2.38E-03 

5.48E-08 

3.83E-03 

1.04E-05 

1.85E-03 

1.23E-04 

PANCREAS 

8.05E-03 

9.35E-04 

6.36E-03 

0 .0  

l .29E-03 

?. 96E-06 

1 IOF-03 

5.54E-04 

2 OS€-04 

5.47E-04 

?.?lE-04 

2 5 1603 

0.0 

1 57E-03 

3.95E-04 

I .  OOE-02  

3.68E-06 

9.42E-05 

3.22E-03 

2.12E-03 

5.29E-08 

3.40E-03 

9.24E-06 

1.64E-03 

1.19E-04 

SKELETON 

L O B E - 0 2  

1.38E-03 

8.21E-03 

0.0 

2.02€-03 

1.05E-05 

1.58E-03 

7.43E-04 

2.77E-04 

9.16E-04 

1.19E-03 

3.43E-03 

0.0 

2.18E-03 

5.39E-04 

1.3 1E-02 

5.68E-06 

1.25E-04 

4.44E-03 

2.85E-03 

1.52E-01 

4.67E -03 

1.29E-05 

2.27E-03 

2.05E-04 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAYINATEO WATER 
IN S V / Y R  PER BOIICUBIC C M I  

NUCL I OE 

Y-86 

Y-87 

Y-88 

Y-90 

V-90M 

Y-9 1 

Y-91Y 

V-92 

Y-93 

ZQ-86 

ZQ-88 

ZR-89 

ZR-93 

ZR-95 

ZR-97 

N0-90 

NB-91 

N9-91Y 

Ne-92 

Ne-92Y 

N9-93H 

N9-94 

N8-94M 

N e 9 5  

NB-95Y 

HALF-LIFE 

14.74 H 

80.3 H 

106.60 0 

64.1 H 

3.19 H 

58.51 0 

49.71 Y 

3.54 H 

10.1 H 

16.5 H 

83.4 0 

78.43 H 

1.53E6 Y 

64.02 0 

16.90 H 

14.60 H 

1E4 Y 

6 1  0 

3.6ET Y 

10.15 0 

14.6 Y 

2.03E4 Y 

6.f6 M 

35.06 0 

86.6 H 

S K I N  

1.49E-02 

1.80E-03 

1.15E-02 

0.0 

2.46E - 0 3  

1.48E-05 

2.1OE-03 

1.04E-03 

3.72E-04 

1.08E-03 

1.49E 4 3  

4.75E-03 

0.0 

3.00E-03 

7.36E-04 

1.80E-02 

2.19E-05 

1.88E-04 

'6.12E-03 

4.00E-03 

3.00E-06 

6 e46E-0 3 

2.86E-09 

3.13E-03 

2.37E-04 

SPLEEN 

9.00E-03 

1 ME-03 

T.OSE-03 

0.0 

1.47E-03 

8.89E-06 

1 25E-03 

6.20E-04 

2.21 E-04 

6.29E-04 

8.84E-04 

2.82E-03 

0.0 

1. T7E-03 

4.43F-04 

1. l lF-02 

4.OBE-06 

1.05E-04 

3 63E-03 

2.37F-03 

4 19E-08 

3.82E-03 

1.03E-0 5 

1 85 E - 0 3  

1.37 E-04 

STOMACH 

9.14E-03 

1 07E-03 

7.lTE-03 

0.0 

I .48E-03 

9.01E-06 

1 26E-03 

6.30E-04 

2.30E-04 

6.28E-04 

8.88E-04 

2.87E-03 

0.0 

1.8 1 E-03 

4.49E-04 

1.13E-02 

4.14E-06 

1.OTE-04 

.3 .'69E-.03 

2.42E-03 

4.58E-OB 

3 90E-03 

1.0%-05 

1.89E-03 

1.36E-04 

TESTES 

1 30 E-02 

1.57 E-03 

1.01 E-02 

0.0 

2.18E-03 

1.28E-05 

1.83E-03 

8.99E-04 

3.28E-04 

9.44E-04 

1 - 31  E-03 

4.11E-03 

0.0 

2.59E-03 

6.43E-04 

1.59E-02 

8.22E-06 

1.54E-04 

5.30E-03 

3.45 E-03 

5.48E-07 

5.59E-03 

1.69E-05 

2.71 E-03 

2.06E-04 

THYMUS 

1.03 E-02 

1.1 BE-03 

6 e00  E - 0  3 

0.0 

1.65 E-0  3 

1.03E-05 

1 40E-0 3 

7.15E-04 

2.5 BE-04 

7.12E-04 

9.83 E-0 4 

3.25 E-0 3 

0.0 

2.OSE-03 

5.05E-04 

1 2 5 E -0 2 

4.39E-06 

1 .2ZE-O4 

4.17E-03 

2.76E-03 

9.13E-09 

4. S 1 E-0 3 

1.18 E-05 

2 13 E-03 

1.55E-04 

THYRO 10 

1.22E- 02 

1 45 E-03 

9.43E-03 

0.0 

2.05 E-03 

1.22E-05 

l.7lE-03 

8.53E-04 

3.07E-06 

8.93E-04 

1 2 1 E-03 

3.90E-03 

0.0 

2.46E- 03 

6.05E-04 

1.47E-02 

5.94€-06 

1 45E-04 

5 0 1 E- 03 

3.29E-03 

lm49E-07 

5 30E-03 

1.47E-05 

2.57E-03 

1 .'96 E- 06 

UTESUS 

8.22F-03 

9.50E-04 

6.55E-03 

0.0 

1.3LE-03 

8.12E-06 

i . I i ~ - o 3  

5.63E-04 

2 09F-04 

5.60E-04 

7 91E-04 

2.53F-03 

0.0 

1.59E-03 

4.03E-04 

1.03E-02 

3.50E-06 

9.59E-05 

3.25E-03 

2.14E-03 

4.76E-13 

3.43E-03 

9.1ZE-06 

1.66E-03 

1.2ZE-04 

TOTAL 
800Y 

1.OSE-02 

1.25E-03 

8.18E-03 

0.0 

1.73E-03 

1.04E-05 

1.46E-03 

T.25E-04 

2. 64E-04 

7.4TE-04 

1.04E-03 

3.30E-03 

0.0 

2.08E-03 

5.1 TE-04 

1.29E-02 

6.73E-06 

1.25E-04 

4.25E-03 

2. WE-03 

4.56E-07 

4.49E-03 

1.3TE-05 

2.17E-03 

1.63E-04 



. . .  

PHr)TON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAMINAIFO WATER 
I N  SV/YR PER BO/(CUBIC CW@ 

YUCL I OE 

Ne-96 

NB-97 

N8-97Y 

M 3 - 9 1  

Y@-93 

MQ-99 

M@-101 

TC-95 

TC-95M 

TC-96 

TC-9bM 

fC-97 

TC-97M 

TC-98 

TC-99 

TC-99Y 

TC-10 1 

RU-91 

RU-103 

RU-105 

RU-106  

9 H- LO 3 M  

RH-I05 

RH-105’4 

RH-106 

HALF-LIFE 

23.35 H 

72.1 1 

60 S 

15 .49  Y 

3.5E3 Y 

66.02 H 

14.61 M 

20.0 H 

61 0 

4.28  0 

51.5 !4 

2.6Eb Y 

8 9  0 

4.2E6 Y 

2.13E5 Y 

6.02 H 

14.2 Y 

2.9 0 

39.35 Q 

4.44 H 

368.2  D 

56 .119 M 

35.36 H 

4 5  5 

29.92 5 

ADRENAL S 

6.41E-03 

1.TlE-03,  

1 .89E-03 

2.48E-03 

4 8 3 E -0 7 

4.00E-04 

3.93E-0 3 

2.05E-03 

1.72E -03 

6 .54E-03 

1.08E-04. 

6.49E-0 7 

1.37E-06 

3.61E-03 

1.20E-09 

3.22E-04 

8.76E-04 

5.82E-04 

1.22E-03 

2.02E-03 

0.0 

1 79E-07 

1.98E-04 

6.83E-05 

5 30E - 0 4  

BLAOOER 

6 2 1  E-03 

1 64E-03 

1 82E-03 

2 36 E-03 

2.95E-08 

3.83E-04 

3.88E-03 

1.97 E-03 

1 C4E-03 

6 . 3 1  E-03 

1 04E-04 

7.55F-08 

8.46 E - 0  7 

3.46 E-03 

1. IS€-09 

2.97E-04 

8.12E-04 

5.32E-04 

Le16F-03 

I 9 3 6 0 3  

0.0 

1 03E-07 

1.83E-04 

6 3 1 E-0 5 

5.07E-04 

BRAIN 

6.97E-03 

1.84E-03 

2.04E-03 

2.63E-03 

9.40E-08 

4.2TE-04 

4 35E-03 

2 22E-03 

1 82E-03 

7 IO€-03 

1 l7E-04 

1 e40E-07 

9 .02E-01 

3.88E-03 

1.23E-09 

3 18E-04 

8.88E-04 

5 73E-04 

1 29E-03 

2 16 E-03 

0.0 

6.40E-08 

1.99E-04 

6.72E-05 

5.67E-04 

8REAST 

7 91 E - 0  3 

2.1?E-03 

2.32E-03 

3.12E-03 

1.08E-05 

5.0%-04 

4.94 E-03 

2.52E-03 

2.20E-03 

8.00E-03 

1.40E-04 

1.29E-05 

1.23E-05 

4.44E-03 

2.28E-09 

5.12E-04 

1.16E-03 

8.32E-04 

1.54E-03 

2.52E-03 

0.0 

2.29E-06 

2.64E-04 

1 2 2  E-04 

6.61 E-04 

HEART 

6.12E-03 

1.61E-03 

1 eT9E-0 3 

2.30 E-03 

1.24 E-0 7 

3.77E-04 

3.84E-03 

1.94E-0 3 

L e C l E - 0 3  

6 2 3 E-0 3 

1 03 E-04 

1.80E-07 

8. TEE-0 7 

3 4 0  E-03 

l . 1 2 E - 0 9  

2 93E-04 

7.93E-0 4 

5.19E-04 

1.13E-03 

1.90E-03 

0.0 

7.11 E-0 8 

1.78 E-04 

6 e20 E-0 5 

4.97E-04 

SMALL 
I Y T E S ~  r N E  

5.55E-03 

1.CSE-03 

1.62E-03 

2.07E-03 

4.16E-08 

3.39E-04 

3.52E-03 

1.76E-03 

1.45E-03 

5.64E-03 

9.37E-05 

7.62E-08 

6.95E-0? 

3.07E-03 

9.80E-10 

2 55E-04 

T.12E-OQ 

4.64E-04 

1 02E-03 

I .  7lE-03 

0.0 

5.74E-08 

1 6OE-(# 

5 3TE-05 

4.49E-04 

UPPER 
LAQGE 

INTESTIYE 

6 .5 lE-03 

1 7lE-03 

1.91 E-03 

2.45E-03’ 

3.92E-08 

4.01E-04 

4.08E-03 

2.07F-03 

1.716-03 

6.63E-03 

1.10E-04 

1. I3E-07 

9.42E-07 

3.62’-03 

I .  2 LE-09 

3.13E-04 

8.39E-04 

5.5OF-06 

1 20E-03 

2.01E-03 

0.0 

I .QZE-07 

1.89E-06 

6.68E-05 

5.28E-04 

LOWER 
LARGE 

r m  sTrw 
5.99E-03 

1.58E-03 

1.75E-03 

2.26E-03 

3.04E-07 

3.69E-04 

3. T IE-03 

1.90E-03 

1.58E-03 

6.09E-03 

1.01F-04 

4.22E-07 

1.3 8 E-0 6 

3.33E-03 

1.08E-09 

2.875-04 

7.84E-04 

5.16E-04 

1.11E-03 

1.86E-03 

0.0 

1.30E-07 

1.77E-04 

6.07E-05 

4. 8TE-04 

N 
0-1 
0 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGAYS FQR IUMERSION I N  CONTAMINATED WATER 
I N  SV/YR PER EWtCUBIC C W I  

NUCLIDE 

NE-96 

NE-97 

NB-97M 

WC-9 1 

nc-93 

M0-99 

40-101 

TC-95 

TC-95n 

TC-96 

JC-96M 

TC-97 

TC-974 

I C - 9 8  

I C - 9 9  

TC-994' 

TC- 10 1 

RU-97 

RU-LO3 

RU-LO5 

RU-106 

RH-1034 

RH-105 

RH- LO 5 Y  

RH-106 

HALF-L I FE 

23.35 H 

72.1 Y 

60 S 

15.49 M 

3.5E3 Y 

66.02 H 

14.61 H 

20.0 H 

6 1  Q 

4.28 Q 

51.5 n 

2.6E6 Y 

89 D 

4.2E6 Y 

2.13E5 Y 

6.02 H 

14.2 Y 

2.9 Q 

39.35 Q 

4.44 H 

368.2 0 

56.119 U 

35.36 H 

45 s 

29.92 S 

KIDNEYS 

6.49E-03 

1.7lE-03 

1 90E-03 

2.45E-03 

1.60E-07 

3.99E-04 

4.08E-0 3 

2.06E-03 

1.71E-03 

6.61E-03 

1.10E-04 

3.24E-07 

1.18E-06 

3.61E-03 

1.22E-09 

3.02E-04 

8.39E-04 

5.49E-04 

1.20E<3 . *  
2.0lE-03 

0.0 

2.32E-07 

1.89E-04 

6.46E-05 

5.28E-04 

L I VER 

6.18E-03 

1.63E-03 

1.81E-03 

2 34 E-03 

9.13E-08 

3.80E-04 

3.88E-03 

1 96E-03 

1. C 3E-03 

6.28E-03 

1 04E-04 

1 55E-07 

9.03E- 0 7 

3 44 E - 0 3  

1 19F-09 

2.9TE-04 

0.08E-04 

5.3OE-04 

1.15E-03 

I .  92E-03 

0.0 

9 32E-0 8 

1 82E-04 

6 29E-05, 

5 .O4E-O4 

LUNGS 

6 59E-03 

1 74E-03 

1 93E-03 

2. 5LE-03 

5 19E-07 

4.08E-04 

4 l l E - 0 3  

2.10E-03 

1 75E-03 

6.70E-03 

1. l lE-04 

7.15E-07 

1.50E-06 

3.68E-03 

1 32E-09 

3.27E-04 

8.72E-04 

5.7bE-04 

1 24E-03 

2 06E-03 

0.0 

2.13E-07 

1. 97E-04 

7.OlE-05 

5.4OE-04 

UARROW 

7.20E-03 

1.94E-03 

2.12E-03 

2.89E-03 

6.47E-07 

4.65E-04 

4.44E-03 

2 29E-03 

2.OlE-03 

7.28E-03 

1 20E-04 

9.30E-07 

2.28E-06 

4.07E-03 

2 23E-09 

4.99E-04 

1 09E-03 

7.72E-04 

1.43E-03 

2.32E-03 

0.0 

3. 17E-07 

2.47 E-04 

1.09E-04 

6.07E-04 

R ED 
HARROW 

6.69E-03 

1 78 E-33 

1.97 E-0 3 

2 5 7 E-0 3 

1.75 E-07 

4. 12E-04. 

4 16 E-0 3 

2 13 E-0 3 

1.77E-03 

6.80E-03 

l . l Z E - 0 4  

2 .42E-07 

8 55 E-0 7 

3 75 E-0 3 

9.65 E-1 0 

2.98E-04 

8.97 E-0 4 

5 82 E-0 4 

1.27E-03 

2.10E-03 

0.0 

7.49E-08 

2 03E-04 

6.16 E-0 5 

5.51E-04 

OVA91 ES 

5 96 E-03 

1. 58E-03 

1.76E- 03 

2.25E-03 

3.07E-07 

3.65E-04 

3.66E-03 

1 9 1  E-03 

1 55E-03 

6. LO€-03 

1 . O O E - 0 6  

4.34E-07 

1.OSE-06 

3.34E-03 

1 . O O E - 0 9  

2.57E-04 

7.46E-06 

4.73E-0* 

l .? lE -03  

1.85E-03 

0.0 

1 4OE- 07 

1 67E-OC 

5 .  W E -  05 

4.86E-04 

P 4NCn E A S 

5 33E-03 

1.40E-03 

1 56E-03 

2.02E-03 

2.96E -0 7 

3 2 7E-0 4 

3.35E-03 

1.69E-03 

1 40E-03 

5 4 ZE -0 3 

8.99E-05 

3.98E-07 

9.33E-07 

2 96E-03 

8.80E-10 

2.46E-04 

6.98E-04 

4.56E-04 

9.93E-06 

1 65E-03 

0.0 

1. IO€-07 

1 57E-04 

5.18E-05 

4.35E-04 

SKEL €TON 

7.32E-03 

1.97E-03 

2.16E-03 

2.93E-03 

8. 52E-07 

4.73E-04 

4.51E-03 

2.33E-03 

2.05E-03 

7.40E-03 

1.22E-04 

1.18E-06 

2.53E-06 

4.13E-03 

2.30E-09 

5.13E-04 

l.llE-03 

T.89E-04 

1.45E-03 

2.36E-03 

0.0 

3.58E-07 

2.51E-04 

1.12E-04 

6.17E-04 



PHOTOY DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONtAMINATED WATES 
IN SVIYR PER eQi(cuerc CUI 

NUCLI DE 

N8-96 

N8-97 

N9-97M 

MO-91 

MO-93 

YO-99 

YO-10 1 

TC-95 

TC-95Y 

TC-96 

TC-96W 

TC-97 

TC-97M 

TC-98 

TC-99 

TC-99Y 

TC-101 

RU-9 7 

RU-LO3 

RU-105 

RU-LO6 

RH-10 3Y 

RH-LO5 

RH-1OSY 

R H - L O 6  

HALF-LIFE 

23.35 H 

72.1 M 

60 S 

15.49 M 

3.5E3 Y 

66.02 H 

36.63 Y 

20.0 H 

61 0 

4.28 0 

51.5 M 

2.6E6 Y 

89  0 

4.2E6 Y 

2.13E5 Y 

6.02 H 

14.2  Y 

2.9 0 

39.35 0 

4.44 H 

368.2 0 

56.119 Y 

35.36 H 

45 s 
29.92 S 

SKIN 

1.01E -02  

2.66E-03 

2.97Ej)3 

3.86E-03 

1.68E-05 

6.26E-04 

6.20E-03 

3.23E-03 

2.69E-03 

1.0 3E -02  

1.80E-04 

1 . 9 3 E 4 5  

1.72E-05 

5.65E-03 

2.06E-09 

4.90E-04 

1 33E-0 3 

8.92E-04 

1.90E-03 

3.15E-03 

0.0 

3.12E-06 

2.99E-04 

1.20E-04 

8.27E -04 

SPL EEN 

5.99E-03 

1.58E-03 

1eT6E-03 

2029E-03 

2.35E-07 

3.71E-04 

3.75E-03 

1.90E-03 

1 59E-03 

6.09E-03 

1.01 E-04 

3.35E-07 

1.04E-06 

3.34E-03 

1. I4E-09 

2.96E-04 

7.97E-04 

5.27E-04 

1. L3E-03 

1 .87E-03 

0.0 

1 16E-07 

1.80E-04 

6 29 E-0 5 

4.91 E-04 

STOMACH 

6.09E-03 

1.61E-03 

1 79E-03 

2.31 E-03 

2.57E-07 

3 7bE-04 

3. 8OE-03 

1 94E-03 

1. 61E-03 

6.2 I E-03 

1 -03E-04 

3. T2E-07 

1.08E-06 

3040E-03 

1.15E-09 

2.94E-04 

7.98E-04 

5.24E-04 

1.14E-03 

1.90E-03 

0 .o 

1.31E-07 

1 8OE-04 

6 2 SE-05 

4.98E-04 

TESTES 

8.74E-03 

2.32 E-03 

2.57E-03 

3.3?E-03 

3.07E-06 

5.45E-04 

5.42 E-03 

2 18 E-03 

2 34E-03 

8.88E-03 

1 49E-04 

4.03E-06 

4.93 E-06 

4.9OE-03 

1 93E-09 

4.56E-04 

1.18E-03 

7.91 E-04 

1 66 E-0 3 

2.74E-03 

0.0 

9.55E-07 

2.66E-04 

1.02E-04 

7.21E-04 

T n Y  MUS 

6.896-03 

1.8 1 E-0 3 

2 02 E-0 3 

2 55 E-0 3 

5. l tE-08 

4.27E-04 

4.27E-03 

2.19 E-0 3 

1 82 E-03 

7.04E-03 

L.16E-04 

1.OSE-07 

1 .Ob€-06 

3.83E-03 

1.50E-09 

3.52E-04 

8 -93 E-04 

5.98 E-0 4.  

1 2b E-0 3 

2.13E-03 

0.0 

11E-07 

OLE-04 

52E-05 

55E-04 

THYROID 

8027E-03 

2. I BE-03 

2 43E-03 

3 1 ZE-03 

8.34E-07 

5 .  LTE-09 

5 09E-03 

2 64E-03 

2.22E-03 

8.44E-03 

1. 4 O E - 0 6  

1.22E-06 

2 42 E-06 

4.62E-03 

1.93E-09 

4. 50E- 04 

1. LLE-03 

7.53E-00 

1.54E-03 

2.58E-03 

0.0 

4. L Z E - 0 7  

2.50E-04 

9.81 E-05 

6.73E-04 

UTERUS 

5.40E-03 

1.6ZE-03 

L 57E-03 

2.OSE-03 

2.66E-09 

3.3 LE-04 

3.43F-03 

1. TLE-03 

1 42E-03 

5.4bE -03 

9.08E-05 

T.13E-09 

6.20E-07 

2.99E-03 

9.9SE-10 

2.6 LE-04 

7. L Z E - 0 4  

4.69E-04 

1 01E-03 

1.6 7E-0 3 

0.0 

2 55E-08 

1.61E-04 

5.47E-05 

4.41E -04 

TOTAL 
BODV 

7.02E-03 

1.86E-03 

2.06E-03 

2.69E-03 

2.55E-06 

4.36E-04 

4.37E-03 

2.ZIE-03 

1.87E-03 

7.14E-03 

1.20E-04 

3.21E-06 

3.78E-06 

3.93E-03 

1.47E-09 

3. 56E-04 

9.36E-04 

6.25F-04 

1.33E-03 

2.20E-03 

0.0 

6.85E-07 

2.LlE-04 

7.90E-05 

5.77E-04 

N m 
N 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGAYS FOR IMMERSION I N  CONTAMINATE0 WATER 
I N  S V I V R  PER BQ/(CUBIC C W  

NUCLIDE 

PO-LO3 

PO-107 

PO-109 

AG-106M 

4G-108 

AG- LO 8Y 

~ G - I O ~ M  

a+iio 
AG-1104 

bG-111 

CO-109 

to-11 I Y  

CD-113 

CO-113Y 

CD-115 

C0-115M 

CO-117 

CD-117Y 

IN-111 

1 N - 1 1 3 Y  

IN-114 

IN-1 14Y 

IN-115 

I N-11 5M 

IN-116Y 

HALF-1 IFE 

16.961 D 

6.5E6 Y 

13.453 H 

8.46 0 

2.37 M 

127 Y 

39.6 S 

24.57 5 

249.85 0 

7.46 D 

464 0 

48.7 M 

9.3E15 V 

13.7 V 

53.46 H 

44.6 0 

2.49 H 

3.36 H 

2.83 0 

1.658 H 

71.9 S 

49.51 0 

4.6E15 Y 

4.36 H 

54.15 M 

AOR EN AL S 

I. t 9 E  -0 6 

0.0 

1.74E-06 

7.22E-03 

4.46E-05 

4.12E-03 

8.6 lE -06  

7.86E-05 

7.1 OE -03 

6.7 LE -05 

2.06E-0 6 

7.12E-04 

0.0 

0.0 

5.16E-04 

5 7 2E-0 5 

2.82E-03 

5.5 1E-03 

9.92E-04 

6.45E-04 

8.1 1E-05 

2.28E-04 

0.0 

4 0 3E -04 

6 43E -0 3 

. .  

BLAOOER 

8.91 E-07 

0.0 

1 65 E-06 

7 01 E-0 3 

4.25E-05 

3.93E-03 

8.366-06 

7 53E-0 5 

6.91E-03 

6.22E-05 

1.55E-06 

6.5 1F-04 

0.0 

0.0 

4.89E-04 

5.6OE-05 

2.78E-03 

5.54E-03 

9.06E-04 

6 . 0 2 6 0 4  

7.76E-05 

2.15E-04 

0.0 

3.73E-04 

6.40E-03 

BRAIN 

6 95 E-07 

0.0 

1 8 4 5 0 6  

7 e 86E-03 

4.75E-05 

4.39E-03 

8.15E-06 

8.44E-05 

7.77E-03 

6.80E-05 

f e l l € - 0 7  

7 00E-04 

0.0 

0.0 

5.45E-04 

6 30E-05 

3 . l lE -03  

6 021E-03 

9.72E-04 

6.63E-04 

8.67 E-0 5 

2.3%-04 

0.0 

4 O7E-04 

7 19E-03 

BREAST 

2.01 E-05 

0.0 

2.20E-OC 

9.00E-03 

5 59E-05 

5.15E-03 

2.69E-05 

9. ?OE-05 

8.74E-03 

8. WE-05 

2 34E-05 

1 02 E-03 

0.0 

0.0 

6.53E-04 

7.02E-05 

3. %E-03 

6.95€-03 

1 45 E-03 

8e43E-04 

l.OlE-04 

3.14E-04 

0.0 

SOME-04 

8.02E-03 

HE ART 

7. S 1 E-0 7 

0.0 

1 6 2  E-0 6 

6.90E-03 

4.16E-05 

3.85E-03 

7.5OE-06 

7.40E-0 5 

6.81 E-03 

6.06E-05 

8. M E - 0 7  

6.35E-04 

0.0 

0.0 

4.78E-04 

5.53E-0 5 

2.74E-03 

5 a 5  1 E-03 

8.85 E-04  

5.87E-04 

7 6OE-0 5 

2 e09 E-0 4 

0 .O 

3 6 3  E-0 4 

6.34E-03 

SMAL 1 
INTEST IN€ 

5.7SE-07 

0.0 

1 45E-06 

6.28E-03 

3 75 E-05 

3.47E-03 

6.55E-06 

6.67E-05 

6 20E-03 

5. 44E-05 

7.10E-07 

5. M E - ( #  

0.0 

0.0 

4.30E-04 

5.OSE-05 

2. S2E-m 

5.09E-03 

7.87E-OI 

5.28E-04 

6 e  86E-05 

1 88E-04 

0.0 

3.26E-04 

5.83E-03 

UPPER 
LARGE 

INTEST INE 

1 e32E-01 

0.0 

1.7lE-06 

7.34E-03 

4.42E-05 

4.09E-03 

8.79E-06 

7.86E-05 ' 

7.25E-03 

6.42E-05 

2 26s-06 

6. ?&E-04 

0.0 

0.0 

5.08E-04 

5.89E-05 

2 92-03 

5.86E-03 

9.40E-04 

6.23E-04 

8.08E-05 

2.24E-04 

0.0 

3.85E-04 

6.74E-03 

LOWER 
L ARGE 

INTESTINF 

1.24E-06 

0.0 

1.58E-06 

6.77E-03 

4.08E-05 

3.77E-03 

7.57E-06 

7e24F-05 

6.67E -03 

6.00€-05 

1 5 2E-06 

6.3 1E-04 

0.0 

0.0 ' 

4.69E-04 

5.4 2E-0 5 

2.70E-03 

5. SO E-03 

a. ~ ~ - 0 4  

5. r w - 0 4  

7.45F-05 

2.06E-04 

0.0 

3.60E-04 

6.21E-03 

r u  m 
W 



PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR I M M E R S I O N  r N  CONTbWINAfEO WATER 
I N  S V I Y R  P E R  BQ/(CUBIC C M J  

NUCLIDE 

PO-103 

Po-lor 
PO-109 

AG-106M 

AGIO8 

AG-1084 

AG-109Y 

AG-110 

AG-LLOY 

AG-I11 

C0-109 

co- l l1Y  

CO-113 

C0-113M 

co-115 

to -11% 

co- i i r  

CO-117Y 

IN-111 

IFt l l3H 

IN-114 

IN-1 14M 

IN-115 

1N-115M 

I N -  11 6M 

HALF-LIFE 

16.961 0 

6.5E6 Y 

13.453 H 

8.46 0 

2.37 n 

127 Y 

39.6 S 

24.57 5 

249.85 0 

?.46 0 

4 6 4  0 

48.7 

9.3E15 Y 

13.7 Y 

53.46 H 

44 .6  0 

2 .49  n 

3.36 H 

2.83  0 

1.658 H 

71 .9  s 

49.51 0 

4.6E15 Y 

4.36 H 

54.15 M 

KIQNEYS 

1.97E-06 

0.0 

1 . 7 l E - 0 6  

r.33E-03 

4.42E-05 

4.09E -0 3 

9.50E-06 

7.85E-05 

r .  2 x - 0 3  

6.42E-05 

3.43E-06 

6.71E-04 

0.0 

0.0 

5.08E-04 

s.arE-05 

2.92E-03 

5.88E-03 

9.33E-04 

6.24E-04 

e.orE+s 
2.24E-04 

0.0 

3.87E-04 

6 . 1 4 ~  -03  

L I V E R  

8.55E-07 

0.0 

1.64E-0 6 

6.98E-03 

4 2 2 E-05 

3.90F-03 

8 . l l E - 0 6  

7.48E-05 

6.87F-03 

6.19E-05 

1. 1 6 E-06 

6 e4 8E-04 

0.0 

0.0 

4.86 E-04 

5.51 E- 05 

2 . 7 7 ~ - 0 3  

5.55E-03 

9.02E-0 4 

5.99E-04 

7.7LE-05 

2.13E-04 

0.0 

3 . r i ~ o 4  

6 . 3 9 5 0 3  

LUNGS 

1.93E-06 

0.0 

1.16E-06 

r .  4 4 ~ 0 3  

4.53E-05 

4.18E-03 

9.63E-06 

8 . O l E - O S  

r : 3 2 ~ - 0 3  

6.68E-05 

2.50E-06 

r .  O ~ E - O C  

0 . 0  

0.0 

5.22E-04 

5.92E-05 

2 94E-03 

5.86E-03 

9. 8CE-04 

6.4%-04 

8.26 E-05 

2 . 3 0 E - O I  

0.0 

4.OlE-04 

6 76E-03 

MARROW 

2. r i ~ - o 6  

0.0 

2.03E-06 

8.16E-03 

5.12E-05 

4. 

1.61 E-05 

8.90 E-05 

7.93E-03 

8.33E-05 

3.79E-06 

9 . 5 1 ~ - 0 4  

0.0 

0.0 

6 03 E-04 

6.33E-05 

3.20E-03 

6.14E-03 

1.35E-03 

7.18E-04 

9.29 E- 0 5 

2.80E-04 

0.0 

4.98E-04 

7.15E-03 

R E O  
MAP ROW 

a . s 2 ~ - 0 r  

0.0 

1 a 8  1 E-06 

r .  5 6 ~ - 0 3  

4.626-05 

4m27E-03 

6 4 8 E-0 6 

8 16 E-0 5 

7.43 E-o 3 

6 . 8 8  E-0  5 

8 . 6 4 ~  -0 r 
I. 08 E - 0 4  

0 .o 

0.0 

5.34E-04 

6 . O O E - 0  5 

2 -98  E-0 3 

5.94 E-0 3 

9.79 E-04 

6.65E-04 

8.43E-05 

2 -3 LE-04 

0.0 

4.13E-04 

6.84E-03 

OVAR ! ES 

1 31  E- 06 

0.0 

1 58E-06 

6 69E-03 

4.00E-OS 

3. TTE-03 

7.19E-06 

7.26E-05 

6.63E-03 

5.71 E- 05 

1 68E-06 

5.77E-OS 

0 .0  

0.0 

4.66E-04 

5.3bE- 05 

2 6 1 E-03 

5 . 1 7 ~ - 0 3  

7.99E-04 

5.62E-04 

r.44E-05 

2. OOE- Ol 

0.0  

3.43E-04 

6.04E-03 

P A N C R E A S  

1.09E-06 

0.0 

1.41 E-0  b 

6.03E-03 

3.64E -0 5 

3.36E-03 

6 .  I BE-06 

6.45s-05 

5.94E-03 

5.34E-05 

1 2bE-Ob 

5.56E-04 

0.0 

0.0 

4 .  19E -04 

4.82E-05 

2.4OE-03 

4.82E-03 

r .  r 2 ~ - 0 4  

5 . l l E - 0 4  

6 64E-05 

I .  83E-OI 

0 .0  

3.20E-04 

S.53E-03 

SKELETON 

3.09E-06 

0.0 

2.07E-06 

8.29E-03 

5.20E-05 

4.80E-03 

1.68E-0 5 

9.04E-05 

8.06E-03 

8.48E-05 

4.20E-06 

9 . 1 8 ~ - 0 4  

0.0 

0.0 

6.13E-04 

6. 44E-05 

3.25E-03 

6 .2  5E-0 3 

1.39E-03 

7.91E-04 

9.44E-05 

2.86E-04 

0.0 

5. O ~ E - O ~  

7.27E-03 

N m 
P 



PHOTON OOSE-UATE CONVERSION FACTORS FOR VARIOUS 0Q.GANS FOR IMMERSION I N  CONTAMINAtEO WATER 
IN s v m  PER BO/(CUBIC clr) 

YUCLI DE 

PO-103 

00-107 

PO-109 

AG- 1064 

AG-108 

AG-108Y 

At-109Y 

AG-110 

AG- 1 1 0 Y 

A G - I l l  

CO-109 

CD-11 1Y 

CO-113 

C O - 1 1 3 Y  

co-115 

CO-115Y 

CO-117 

C0-117Y 

IN-11 1 

IN-I 1 3 M  

IN-114 

I N-ll4M 

IN-115 

I N- 1 1 5Y 

IN-116M 

HALF-LIFE 

16.961 0 

.6.5E6 Y 

13.453 H 

8.46 0 

2.37 M 

127 Y 

39.6 S 

24.57 5 

249.85 0 

7.46 0 

464 0 

48.7 H 

9.3E15 Y 

13.7 Y 

53.46 H 

44.6 0 

2-59, H 

3..36 H 

2-83 0 

1.658 H 

71.9 S 

59.51 0 

4.6E15 Y 

4.36 H 

54.15 M 

S K I N  

2.75E -0 5 

0.0 

2.71E-06 

1.14E-02 

7.0 I €  -05 

6.44E-03 

2.93E-05 

1.23E-04 

1.12E-02 

1.02E-04 

3.06E -0 5 

1.08E-03 

0.0 

0.0 

8.03E-04 

9.02E-05 

4.44E -0 3 

8.72ET03 

1.52E -03 

9.96E -04 

1.27E-04 

3.68E-04 

0.0 

6.25E Q4 

1.OZE-02 

SPL EEN 

1 ll E-06 

0.0 

1.61E-06 

6 77E-03 

4. l lE-05 

3.80E-03 

7.90E-06 

7.27E-05 

6 66 E-0 3 

6.11 E-05 

1.37E-06 

6.45E- 04 

0.0 

0.0 

4.75E-04 

5.39E-05 

2.69E-03 

5.34E-03 

8 99 E-04 

5.89E-04 

7.51E-05 

2.09E-04 

0.0 

3.66E-04 

6.17E-03 

STOMACH 

1.23E-06 

0.0 

1 62 €-Ob 

6.87E-03 

4.17E-05 

3.86 E-03 

8 05 €-Ob 

7.4OE-05 

6 l7E-03 

6.11 E-05 

L.57E-06 

6 - 4  1E-04 

0.0 

0.0 

4.80E-04 

5 48E-05 

2.72E-03 

5.44E-03 

8 93E-04 

5.916-04 

7 e.0 1 E-0 5 

2.11E-04 

0.0 

3 66E-04 

6.256-03 

TESTES 

8.37E-06 

0.0 

2.37 E-06 

9.87E-03 

6.07E-05 

5.60E-03 

1.80E-05 

1.07E-04 

9.69E-03 

9.04E-05 

1.09E-0 5 

9.70 E- 04 

0.0 

0.0 

7.02E-04 

7.826-05 

3. 88E-03 

1.65E-03 

1; 36E-03 

8. 74E-04- 

1.10E-04 

3.16E-04 

0.0 

5.47E-04 

8.87E-03 

THY MUS 

8.98E-07 

0.0 

1.79 E-0 6 

7.73 E-03 

4.65E-05 

4.31 E-0 3 

I .  03E-0 5 

8.29E-05 

7.66 E-0 3 

6.82E-05 

1 43E-06 

7.33 E -04 

0.0 

0.0 

5.32E-04 

6.24E-0 5 

3.07E-0 3 

$.Ob E-03 

1.03E-0 3 

6.55 E -04 

8.486-05 

2.39E -04 

0 .o 

4.086-04 

7-07 E-0 3 

THVRO IO 

3.55E-Ob 

0.0 

2.19E-06 

9 29E-03 

5.66E-05 

5 24 E- 03 

1.49E-05 

1.00E-04 

9.18E-03 

8.47E- 05 

5.09E-06 

9.25E-W 

0.0 

0.0 

6.51E-04 

7. 4 4 ~ -  05 

3.67E- 03 

7. L5E-03 

1 30E-03 

8.10E-04 

1.03E-06 

2.96E-06 

0.0 

5.08E-04 

8.38E-03 

utEairs 

3.05E-07 

0.0 

1.44E-06 

6.13E-03 

3.68E -05 

3 40E-03 

6.38E-Ob 

6.51E-05 

6.02E-03 

5.45E-05 

2 . 2 7 ~ 0  7 

5.73E-04 

0.0 

0.0 

4.25E-04 

4.88E-05 

2.46E -0 3 

4.95E-03 

7.97F-04 

5.26E-04 

6 .  T3E-0 5 

1.86E-04 

0.0 

3.26E-04 

5.66E-03 

TOTAL 
000Y 

6.ObE-06 

0.0 . 

1 89E-06 

7.93E-03 

4.85E-05 

4 . 4 7 ~ 0 3  

1.33E-05 

8.55E-05 

7.80E-03 

7.1 ?E-05 

7.52~-06 

7. 6 a - 0 4  

0.0 

0.0 

5.59E-06 

6.30E-05 

3.13E-03 

6.20F-03 

1.07E-03 

6.94E-04 

8.83E-05 

2.50E-04 

0.0 

4.33E-04 

7.1 TE-03 



PHOTON D@SE-RIITE CONVERSION FACTORS FOR V A Q I O U S  ORGANS FOR I M M E R S I O N  IN C O N T A V I N A T E D  WATER 
I N  S V / Y R . P E R  BO/(CUBIC CY1 

NUCL I OE 

fY-I17 

IN-1LTY 

SV-113 

SN-111'4 

SN-119Y 

S N - 1 2 3  

SN-125 

SN-126 

Slr-117 

58-122 

59-124 

SB-125 

S 8- 126. 

S 6-1 26Y 

59-12.? 

SB-129 

I€ -121  

TE-1Z1Y 

TE-123 

TE-123'4 

TE-125'4 

TE-12T 

TE-lt.7H 

TE-129 

TE-129Y 

HALF-L I F E  

43.8 H 

116.5 H 

115.1 D 

13.60 0 

293.0 D 

129.2 D 

9.64 0 

1.OE5 Y 

.2.80 H 

2.10 D 

60.20 0 

2.77 Y 

12.4 D 

19.0 H 

3.85 0 

4.40 H 

16.8 D 

154 D 

€13 Y 

9.7 0 

58 D 

9.35 H 

109 0 

69.6 M 

33.6 D 

A DR EN AL S 

I e75E-03 

2.24E-04 

1.61E-05 

3.67E-04 

2 e29E-0 6 

1.80E-05 

8.03E-04 

1.06E-04 

4.2 8E-04 

1.13E-03 

4.90E-0 3 

1.07E-03 

7.1OE-03 

4.04E -03 

1 70E-03 

3. TSE-03 

1.42E-03 

5.24E-04 

3 . 3 7 E 4 6  

3.50E-04 

1.18E-05 

1.22E-05 

3.94E-06 

1.36E-04 

8 . 3 8 E 4 5  

BLADDER 

1 66 E-03 

2 06 E-04 

1.52F-05 

3 -3TE-04 

2 48E-Ob 

1 TTE-OS 

T.91E-04 

1 08 E-04 

3.96E-04 

1.08E-03 

4.8TE-03 

1 -01  F-03 

6 80 E-03 

3.85E-03 

1 e62E-03 

3.65E-03 

1.36E-03 

4.85E-04 

4. L4E-06 

3.22€-04 

1 5 3E-0 5 

1 l5E-05 

4 95 E-06 

1 .29E-04 

8.12F-05 

BP A I  r( 

1.83E-03 

2.23E-04 

I .39E-05 

3.58E-04 

9 95 E-07 

2.00E-05 

8.89E-04 

I .09E-O4 

.4 2 3E-04 

1.21E-03 

5 46E-03 

1 ..12E-03 

7 e.6  1 E-03 

4.31E-03 

1.81 E-03 

4. LO€-03 

1.51E-03 

5.19E-04 

L.63E-06 

3 4ZE-04 

6. WE-Ob 

1.26E-05 

2 .43E-06 

1.43E-04 

8.89E-05 

BREAST 

2.30E-03 

3.18E-04 

5.00E-05 

5.88 E-04 

2.OSE-05 

2.21 E-05 

9.93E-04 

2. ?*E-04 

6.68E-04 

1.4lE-03 

6.15 E-03 

1.38E-03 

8.79E-03 

5.02E-03 

2. ?2E-03 

4.63 E- 0 3 

1.81 E-03 

7.59E-04 

2e63E-0 5 

5.59E-04 

7. T3E-05 

1.59E-05 

2.45E-05 

1. 80 E-04 

1.17E-04 

HEART 

1.62E-03 

2.01E-04 

1.Z8E-05 

3 2 9 E -0 4 

1.07E-06 

1. I 5  E-05 

7.83 E-04 

9.86 E-05 

3 86E-04 

1.06E-0 3 

4 -8  1E-0 3 

9.90 E-04 

6 6 8 E-0 3 

3. TEE-0 3 

1e59E-03 

3.6 1E-0 3 

1.32E-03 

4.70 E -04 

1 7OE-OO 

3.14E-04 

6 80 E-0 6 

1.12E-0 5 

2 39E-06 

1.26 E-04 

7.8 1 E-05 

SYAC L 
I N T E ST :IY E 

1.45E-03 

1.19E-04 

I LIE-05 

2.89E-01 

l.08E-06 

1.60E- 05 

T .  lTE-04 

8 67E-05 

3.41E-04 

9.53E-ob 

4.42E-03 

8 9 lE-04 

6.03E-03 

3.41 E-03 

1.43E-03 

3.2.8E-03 

1.19E-03 

6.22E-04 

1.83E-06 

2.76E-(# 

T.38E-06 

1 00E-05 

2.51E-06 

1.13E-04 

7.0TE-05 

1 

U W E R  
C49 GE 

IN TEST I YE 

1.72E-03 

2.14E-04 

I. 64E-05 

3.53E-04 

2.92E-06 

1.859-05 

8.34'-01 

1. O R E - O I  

4. 15E-04 

1.1 ZE-03 

5. LZF-03 

1.05E-03 

7.10E-03 

4.02F-03 

I .  69F-03 

3.84E-03 

1 41F-03 

5.01E-04 

4.26E-06 

3.37C-04 

1 42E-05 

1.19E-05 

4.68E-06 

1.34E-04 

LOWER 
L A Q G E  

I N T E S T  I N E  

1. 59F-03 

1.99E-04 

1.39E-05 

3.25E-04 

1. T6F-06 

1. T l E - 0 5  

T .  STF-04 

9.50E-05 

3.81F-04 

1.04E-03 

4.72 E-03 

9.72E-04 

6.54E-03 

3.31F-03 

1. 56E-03 

3.5 3 E-03 

1.30E-03 

4.68E-04 

2.65F-00 

3. LO€-04 

9.5bE-00 

?.1OF-05 

3.22E-06 

1.24E-04 

8.46E-05 7.7LE-05 

N m m 



PHOTON DOSE-RATE CONVERSION FACTORS FOR V A R I O U S  OP.GAUS FOR IMMERSION I N  C O Y T A M I N A T E 0  W4TE9 
I N  S V l Y R  PER B O l ( C U 8 I C  CPI 

NUCLl DE 

IN-117 

IN- 11 7 Y  

SN-113 

SN-11 7Y' 

SN-1194 

SN-123 

SN-125 

SN-126 

58-117 

SB-122 

SB-124 

58-125 

SB-126 

S 8- 12 6 Y  

58-127 

SB-129 

TE-121 

TE-121Y 

TE-123 

YE- 12 3M 

YE- 12 5* 

TE-127 

TE-127r 

TE-129 

TE-129Y 

HALF-LI FE 

43.8 Y 

116.5 Y 

115.1 0 

13.60 0 

293.0 0 

129.2 0 

9.64 0 

1.OE5 Y 

2.80 H 

2 - 7 0  0 

60.20 0 

2.77 Y 

12.4 0 

19.0 M 

3-85  0 

4.40 H 

16.8 0 

154 0 

lE13, Y 

119.7 0 

58 0 

9.35 H 

109 0 

69.6 M 

33.6 0 

KIDNEYS 

1.71E-03 

2.13E-04 

1.89E-05 

3.4 7E-04 

4.6?E -0 6 

1.86E -0 5 

8.33E-04 

1.13E-04 

4.09E-04 

l.lZE+3 

5 12E -0 3 

1.06E-03 

7.08E-03 

4.01E-03 

1.69E -03 

3.83E -03 

1.41E-03 

5.04E-04 

7.38E-06 

3 3 2E -01 

2.53E 4 5  

1.18E-05 

e. O O E - ~ ~  

1.35E-04 

8.b8E-05 

LI VEQ 

1 65 E-03 

2.05E-04 

1.40E-05 

3.35E-04 

I 69E-06 

1.76E-05 

7.89E-04 

1 ,OTE-04 

3.93E-04 

1 . O l E - 0 3  

4.86 E-03 

1-01 E-03 

6.75 E-03 

3.83E-03 

1.61F-03 

3.64E-03 

1.35F-03 

4.81E-04 

2.84F-06 

3.20E-04 

1. Ll E-05 

1.14E-05 

3.67E-06 

1.28 E-04 

7.98E-05 

LUNGS 

1.78E-03 

2.23E-04 

1.68E-05 

3.69E-04 

2.88E-06 

1.87E-05 

8 . 3  8E-04 

1 19E-04 

4.3 1 E-04 

I .  1SE-03 

5.15 E-03 

1 08E-03 

1.236-03 

4.10E-03 

1.73E-03 

3.87E-03 

1.45E-03 

5.23E-04 

4.31E-06 

3.52E-04 

1.5LE-05 

1 23E-05 

4.996-06 

1 38E-04 

8 6 1 E-05 

M AF ROW 

2.14E-03 

2.95 E-04 

2033E-05 

5.46 E-0 4 

4. S?E-06 

1.99E-05 

8.92E-04 

2 03 E-04 

6.  ?3E-04 

1.30E-03 

5.50E-03 

I .  26E-03 

8.07E-03 

4.62 E-03 

1.95E-03 

4.19E-05 

1 65 E-03 

6.93E-04 

7.O?E-06 

5.22E-04 

2.51E-05 

I .  48E-05 

8.20E-06 

1 6OE-04 

9.70E-05 

R E O  
HAPROW 

1.79E-03 

2.246-04 

1.43E-0 5 

3 46 E-04 

1.0 2 E-0 6 

1.89E-0 5 

8.48 E-04 

8 25 E-0  5 

4.10E-04 

l . 17E-03  

5.22E-03 

1.IOE-03 

7 37 E-0 3 

4 19 E-0 3 

1.76 E -03 

3.93E-03 

1.47E-03 

5.22 E-04 

1.54E-06 

3.30E-04 

5.89E-06 

1 -26E-05 

2.07 E-06 

1 40 E-04 

8.50 E-05 

W A R 1  ES 

1.50E-03 

I .  85E-d0 

1.33E-05 

2.92E-04 

1 99E-06 

1. TOE- 05 

7.53E- ob 

8.96E-05 

3.49E-04 

I. 04E- 03 

4.58E-03 

9.63E-06 

6.53E-03 

3.70E-03 

1 ..55E-03 

3 49E- 03 

1.30E-03 

4.30E- 04 

3.03E- 06 

2.79E-04 

1.08E-05 

1.07E-05 

3.bOE-06 

1.22E-04 

7. WE-05 

PA NCQ E h S 

1 4 I E-03 

I. 76E-OI  

1.21E-05 

2.81E-04 

1.41E-06 

1 52E-05 

6.83E-04 

7.695-05 

3.3 1E -04 

9.24€-04 

4.2 1E-03 

8.66E-06 

5.82E-03 

3.30E-03 

I .  39E-03 

3.14E-03 

I 16E-03 

4.12E-04 

2.07E-06 

2.68E-0 4 

7.40E-06 

9.83E-06 

2.51E-06 

1.10E-04 

6.83'-05 

SKELETON 

2.18E-03 

3.0 I € - 0 4  

2.OlE-05 

5.60E-04 

4.90E-06 

2.02E-05 

9.07E-04 

2 09E-04 

6.28E-04 

1.32E-03 

5.59E-03 

1. 28E-03 

8.20E-03. 

4.70€-03 

1.98E-03 

4.26E-03 

1.67E-03 

7.08E-04 

7.41 E-06 

5.35E-04 

2.62E-0 5 

1.51E-05 

8.56E-06 

1 63 E-04 

9.87E-05 



PHOTOY OOSE-RATE CONVERSION FACTORS F O R  V A R I O U S  OQG1(NS FOR I H H E P S I O N  I N  C O N T 4 M I N A T E D  WATER 
I Y  S V / Y R  PER B O I ( C U 8 I C  C W )  

YUCL IO€ 

IN-117 

I N - l l 7 Y  

SN-113 

SN-llIY 

SN-119Y 

SN-123 

SN-125 

SY-126 

58-11 7 

58-122 

SB-124 

58-125 

58-126 

59-126'4 

58-12? 

58-129 

TE- I21  

TE-121Y 

TE-123 

TE-123M 

TE-1254 

TE-127 

TE-127Y 

TE-129 

YE-129M 

H A L F - L I F E  

4.3.8 M 

116.5 M 

115.1 0 

13 .60  0 

293.0 0 

129.2 0 

9 .64  0 

1.OE5 Y 

2.80 H 

2.70 D 

60.20 0 

2.77 Y 

12.4  0 

19 .0  Y 

3.85  0 

4.40 H 

16.8 0 

154  D 

1E13 V 

119 .1  D 

58 0 

9 .35  H 

109 0 

69 .6  Y 

33.6 0 

S K I N  

2.72E-03 

3 .46E-04 

5.94E-05 

5.83E -04 

2.53E-05 

2.85E-05 

1 27E-03 

2 .08E-04 

6.87E -04 

1.77E-03 

r .74E-03 

1.69E-03 

l . l l E - 0 2  

6.30E-03 

2.65E-03 

5.89E-03 

2.26E-03 

8 .17E-04 

3.14E-05 

5.53E -04 

8.90E-05 

1.87E-05 

2.83E-05 

2.20E-04 

1.47E -04 

SPLEEN 

1 6 1 E-03 

2.03E-04 

1 .39E-05 

3.34E-04 

1.68E-06 

1.  TOE-05 

7.62E-04 

1 .OlE-04 

3.91E-04 

1.05E-03 

4.69E-03 

9.84E-04 

6.57E-03 

3.73E- 03  

1 .5?  E-03 

3.52E-03 

1 31 E-03 

4.76E-04 

2 60E-06 

3.20E-04 

9.64E-06 

1.12E-05 

3.25E-06 

1 - 2  5 E- 04 

7.73E-05 

STOMACH 

1 63  E-05 

2.03E-04 

1 -43E-05 

3 32E-04 

1.92E-06 

1 73E-05 

1.76E-04 

1.02E-04 

3.89E-04 

1.06E-03 

4 76 E-03 

9.95E-04 

6.68E-03 

3 79E-03 

1.59E-03 

3.58E-03 

I -33E-03 

4.75E-04 

2 97E-06 

3.17E-04 

1 09E-05 

1 1 2 E-05 

3.63E-06 

1 26E-04 

7 A9E-05 

TES'ES 

2.4OE-03 

3.07 E-04 

3.40E-05 

5.22E-04 

1 09E-05 

2.47E-0 5 

1. IO€-03 

1.83E-04 

6.07E-04 

1 54E-03 

6.77E-03 

1.46 E-03 

9.64E-03 

5.48E-03 

2.31E-03 

5.12E-03 

1.95E-03 

7.23E-04 

1 51 E-05 

4.98E-04 

4.74E-05 

1.66E-05 

1.51E-05 

1. BEE-04 

1.21E-04 

THYMUS 

1.83E-03 

2.30E -04 

1 h 3 E - 0  5 

3.92E-04 

2.39E-06 

1.98E-05 

8 - 1 8  E-04 

1 37 E-0 4 

4 .56  E-04 

1.18E-03 

5.32 E-03 

1-11 E-03 

7 .50  E-03 

4.24E-03 

1 ?9E-03 

4.05 E-03 

1 48 E-0 3 

5 47 E-0 4 

4.2 5 E-06 

3.75 E-04 

1 6 9E-0 5 

1 25E-0 5 

5.46 E-06 

1 4 1 E-0 4 

8 . 9 ~  E-o 5 

THrRO ID 

2.25 E-03 

2.90E-Ob 

2 52 E- 05 

5.04E-04 

5.98E-06 

2.36E-05 

1.  WE-03 

1.78E-W 

5.82E-04 

1 C3E-03 

6.33E-03 

1.36E-03 

9.OTE-03 

5.14E-03 

2 .  L7E-03 

4.85E-03 

1.81E-03 

6 -  88E-04 

9 03E-06 

4.82E-04 

3.09E-05 

1 ..54E-05 

9 92E-06 

1.74E-00 

1.11E-04 

UTE?US 

1.4 IE-03 

1.80E-04 

I.  09E-05 

2 94E-04 

5.03E-07 

1 55E-05 

6.95E-04 

8.7lE-05 

3. C4E -04 

9.36E-04 

4.32E-03 

8 .  WE-04 

5.88E-03 

3.34E-03 

1.40E-03 

3.19E-03 

1.1 ?E-03 

4.23E-04 

9.84E-07 

2 .8  1E-04 

4.88E-06 

I .  OOE-05 

1.72E-06 

1.12E-04 

6.83E-05 

T O T A L  
BODY 

1.91E-03 

2.42E-04 

2.48E-05 

4.07E-04 

7.29E-06 

1.99E-05 

8.90E-04 

1.3 BE-04 

4.75E-04 

1.23E-03 

5.47E-03 

1.16E-03 

1.72E-03 

4.38E-03 

1.85E-03 

4.12E-03 

1.55E-03 

5.69E-04 

9.96E-06 

3.88'-04 

3.12E-05 

1.3 2E-05 

1.00E-05 

1.49E-04 

9.53E-05 

N m 
03 



PHOTrJN DOSE-RATE CONVEPSION FACTORS FOR VARIOUS ORGANS 
I N  SV/YR PER BO/(CUBIC C U I  

FOR IMMERSION I N  CONTAMINATE0 WATER 

NUCLIDE 

TE-131 

1 E-1 3 1 M  

TE-132 

TE-133 

TE-133M 

TE-134 

1-122 

1-123 

1-124 

1-125 

1-126 

1-128 

1-129 

I-UO 

1-1 31 

1-132 

1-133 

I-134 

1-U5 

1-136 

x€-122 

XE-123 

XE-125 

XE-127 

XE-129M 

HLLF-LIFE 

25.0 M 

30 H 

78.2 H 

12.45 Y 

55.4 N 

41.8 M 

3.62 M 

13.13 H 

4.18 0 

60.14 0 

12.93 0 

24.99 N 

1.57E7 V 

12.36 H 

8.040 0 

2.30 H 

20.8 H 

52.6 N 

6.61 H 

83 s 
20.1 H 

2.14 H 

16.8 ti 

36.406 0 

8.89 0 

AOP.EN LL S 

1.08E-03 

3.71E-03 

5.39E-04 

2.41E-03 

5.83E-03 

2.22E-03 

2.46E-03 

3.90E -04 

2.72E-03 

1.31E-05 

1.17E-03 

1.90E-04 

1 08E -05 

5.50E-03 

9.66E-04 

5.95E-03 

1.5 5E -03 

6.89E-03 

4.12E-03 

C.86E-03 

1 . 4 4 E 4 4  

1.58E -03 

6.19E-04 

6.55E-04 

5.14E-05 

SLLOOEP 

1.02E-03 

3.6 I F-03 

4.98 E-04 

2 33 E-03 

5. C ?E-03 

2.11 E-03 

2.35 E-03 

3.61E-04 

2 66E-03 

1.73E-05 

1. l lE-03 

1 79 E-04 

1.SOE-05 

5.27E-03 

9.03E-04 

5. 75E-03 

1.48E-03 

6 . 7 l E 0 3  

4. l lE-03 

6 -95E-03 

1 -3TE-04 

I 53E-03 

5 . 7 9 E O I  

6.05E-04 

4.ClE-05 

BRAIN 

1.13E-03 

4.04E-03 

5.26E-04 

2 59E-03 

6.36E-03 

2.34E-03 

2.62E-03 

3.82E-04 

2.97E-03 

7.08E-06 

1 24E-03 

I .98E-04 

6.92E-06 

5.90E-03 

9.94E -04 

b.40E-03 

1.65E-03 

7 5 4 6 0 3  

4 626-03 

r .  WE-03 

1 42E-04 

I .69E-03 

6 17E-04 

6.43E-04 

3.41E-05 

BREAST 

1.43E-03 

4.64F-03 

8.llE-04 

3.05E-03 

7.25 E-03 

2. 87E-03 

3.11E-03 

6.27 E-04 

3 44 E-03 

9.07 E-05 

1.48E-03 

2.43E-04 

6.  L3E-05 

6.82E-03 

1.26 E-03 

7.34E-03 

1.94E-03 

8.49E-03 

5. 14E-03 

8. r i  E - O ~  

2.37E-04 

2. LO€-03 

9.20E-04 

9.78E-04 

1.38E-04 

HEART 

1.01E-03 

3.56 E-0 3 

4.7bE-04 

2 2 9 E-0 3 

5.60E-03 

2.07E-03 

2.3 0 E-0 3 

3.50E-04 

2.62E-0 3 

7.19 E-0 6 

1.09E-03 

1.75 E-04 

6.74E-06 

5.17E-03 

8 8 2 E -0 4 

5. C 7E-0 3 

1.45E-03 

6.63E-03 

4 07 E-0  3 

6.9 1 E-0 3 

1.27 E-0 4 

1.50 E-0 3 

5.57E-04 

5.83E-04 

3.19E-05 

SMAL L 
I NTEST I Y  E 

9.05E-04 

3.23E-03 

4.28E-04 

2.09E- 03 

5.09E-03 

1.86E-03 

2 07E-03 

3.09E-OQ 

2.39E-03 

7.99E-06 

9. B O € - 0 4  

1 e57E-64 

7.6 1 E- 06' 

4.67E-03 

7.92E-04 

5.14E-03 

1.3 I E-03 

6.03E-03 

3. 75E-03 

6 43E-03 

1.15E-Ol 

1 36E-03 

5.OOE-04 

5.21E-04 

3.10E-05 

UPPER 
L 49 GE 

I N T E S T I Y E  

1.07E-03 

3.78E-03 

5.11E-04 

2.43F-03 

5.96'-03 

2.20E-03 

2.44E-03 

3.77E-04 

2.79E-03 

1.60E-05 

1 16E-03 

I .  86E-04 

I-ZZF-05 

5.50E-03 

9.34E-04 

6.03E-03 

1 S4E-03 

7.05E-03 

4.33s-03 

7.35E-03 

1.4OE-04 

1.60E-03 

5.97E-04 

6.24E-OC 

4.23E-05 

LnuEa 
LARGE 

I Y T E S T I N E  

9.88F-Ok 

3.4 8 E  -03 

4. 77E-04 

2.25F-03 

5.49E-03 

2.03E-03 

2.25.F-03 

3.4bF-04 

2.57s-03 

1.05E-05 

1.07s-03 

1.72E-04 

8.94E-06 

5.07E-03 

8. IOE-04 

5.55E-03 

1.42E-03 

b.49F-03 

3.99E-03 

6.80E-03 

1.28E-04 

I. 47E-03 

5.54E-04 

5.8 1E-04 

3.56 E-05 

! 
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PHOTON OOJE-RATE CONVERSION FACTORS FOR VaRIOUS ORGAYS FOR IMMERSION I N  CONTAYINATEO WATER 
IN SVlYR PER 0 0 I t C U B I C  CP) 

NUCLIDE 

TE-131 

TE-1314 

Y E 1 3 2  

1 6 1 3 3  

TE-1334 

TE-134 

1-122 

1-123 

1-1 24 

1-125 

1-126 

1-1 28 

1-129 

1-130 

1-131 

1-132 

1-133 

1-134 

1-135 

1-136 

XE-122 

XE-123 

XE-125 

XE-127 

XE-129M 

HALF-LIFE 

25.0 M 

30 H 

78.2 H 

12.45 M 

55.4 M 

41.8 Y 

3.62 H 

13.13 H 

4.18  0 

60.14 0 

12.93 0 

24.99 M 

1.S7E7 V 

12.36 H 

8.040 0 

2 -30  H 

20.8 t i  

52.6 M 

6.61 H 

83 5 

20.1 H 

2.14 H 

16.8 H 

36.406 0 

8.89 0 

SKIN 

1.67E-03 

5.84E-03 

8.55E-04 

3.7%-03 

9.16E-03 

3.47E-03 

3.85E-03 

6.36E-04 

4.31E-03 

1 e 0  5E 4 4  

1.84E-03 

2.95E-04 

6.77fi-05 

8.59E-03 

1.48E-03 

9 . 34E -03 

2.42EQ3 

1.08E-02 

6.53E-03 

1.09E-02 

2.66EQ4 

2.51E-03 

1.00Ed3 

l .04E-03 

1.5OE-04 

SPLEEN 

9.98E-04 

3.48E-03 

4.88 E-04 

2.26F.03 

5.47E-03 

2.05E-03 

2.28F-03 

3 .%E-04 

2.57E-03 

1.06 E- 05 

1.08E-03 

1.74E-04 

9 27E-0 6 

5.09E-03 

8.83€,-04 

So 55E-03 

1.43E-03 

6.47E-03 

3..96€-03 

6. TO.€-03 

1 .30E-C4 

1.48E-03 

5.64E-04 

5.94E-04 

3 6 5E-05 

STOMACH 

1.01E-05 

3.54E-03 

4 86E-04 

2 e 28E-03 

5.  57E-03 

2.07E-03 

2 3 1 E-03 

3 54E-04 

2 6 1  E-03 

1 20E-05 

1 09E-03 

1.76 E-04 

1 04E-05 

5.17E-03 

8.876-04 

5 - 6  5 E-03 

1.4%-03 

6.596-05 

4 01E-03 

6 WE-03 

1.31E-04 

I .  50E-03 

5 656-04 

5 e 9 1  E-04 

3 -836-05 

TESTES 

Le@€-03 

5.08E-03 

1 - 5 5  E-04 

3.28E-03 

7.97E-03 

L 0 4 E 0 3  

3.36E-03 

5.61E-04 

3.75E-03 

5.51E-05 

1.59E-03 

2.58E-04 

4.04E-05 

7.47E-03 

1.31 E-03 

8 . 1 0 E 0 3  

2.11 E-03 

9.40E-03 

5.69E-03 

9 . 5 7 6 0 3  

2.17E-04 

2.19E-03 

8.73 E-04 

9.15E-04 

9.97E-05 

THYMUS 

1 15 E-0 3 

4.01E-03 

5-65 E-0 4 

2.56 E-03 

6.30E-03 

2 34 E-0 3 

2 55 E-03 

4.17E-04 

2 90 E-0 3 

1.89E-05 

1.22E-03 

1 -95 E-0 4 

1.80 E-0 5 

5.80 E-0  3 

9.8 8 E-0 4 

6.36E - 0 3  

1.6 ZE-0 3 

7.4 5 E-0 3. 

4.53E-03 

7.60E-03 

1 52E-04 

1 69 E-0 3 

6.52 E-0 4 

6.8 2 E-04 

S o  3 7E-0 5 

THYRO IO 

1 41 E-03 

4. E l € - 0 3  

7.15E-04 

3 09E-03 

7.55E-03 

2.87E-03 

3 1 LE-Of 

5.37E-04 

3.49E-03 

3.53E-05 

1 49E-03 

2.39E-04 

2.87E-05 

7.OZE-03 

1.22 E- 03 

7.65E-03 

1. %E-0) 

8.91E-03 

5.37E-03 

8.88E-03 

1..95E-oS 

2 06E-03 

8.23E-04 

8.66E-04 

7.84E-05 

UTESUS 

8.94E-06 

3. LbE-03 

4.3lE-04 

2.05E-03 

4.9%-03 

1.83E-03 

2.04E-03 

3.12E-04 

2 33E-0 3 

4.98E-06 

9.61E-04 

1.56E-04 

5.63E-06 

4.5bE-03 

7 89E-04 

5.OOE-0 3 

L. 29E-03 

5.85E-03 

3.64E-03 

6.22E -03 

1 .-14E-O4 

1.34E-03 

4.99E-04 

5.25E-04 

2.79E-0 5 

T O T N  
BODY 

1.18E-03 

4.08E-03 

5.91F-04 

2.64E-03 

6.4lE-03 

2.42E-03 

2.68E-03 

4.3 7F-04 

3.01 E-03 

3.61E-05 

1.27E-03 

2.05E-04 

2.64E-05 

5.98E-03 

1.04E-03 

6. 5lE-03 

1.68E-Q3 

7.5 7E-03 

4.60E-03 

7.74E-03 

1.67E-04 

1.75E-03 

6.85E-04 

7. I f € - 0 4  

6.95E-05 



! 

PUJYTW QOSE-RATE C W V E P S I O N  F 4 C T O Q S  FCY VARIOUS ORGANS FOR I M M E R S I O N  I N  C O N T A M I N A T E D  Y&+EQ 
1Y SVlYR PER B Q / ( C U B I C  C W  

YUCL 1 DE 

XF131M 

XE-133 

XE-133* 

XF-135 

x ~ - i 3 5 1  

XE-131 

XE-138 

CS-126 

CS-129 

CS-131 

C S - 1 3 2  

CS-134 

CS-13W 

CS-135 

CS-136 

CS-137 

CS-138 

CS-139 

~ n - 1 3 1  

94-133 

BA-133Y 

8A-135Y 

94-137Y 

BA-139 

BA-140 

HALF41 FE 

11.84 0 

5.245 0 

2.19 0 

9.11 H 

15.36 M 

3.83  n 
14.13 Y 

1.64  Y 

32.06 H 

9.688 0 

6 .475 0 

2.062 Y 

2.90  H 

2.3E6 Y 

13.16 0 

30.17 Y 

32.2 1 

9.40 H 

11.8 o 

10.5 r 
38.9 H 

28.T H 

2.552’ Y 

83.1 M 

12.T89 0 

AORENALS 

1. $8E-05 

7.25EQ5 

6.82E-OS 

6.30E-0a 

1.08E-03 

4.19E - 0 4  

3.OSE-03 

2.86E-03 

6 .48E-04 

8 . 8 7 E d 6  

1 79E -03 

4.02E-03 

4.63E-05 

0.0 

5.64E-03 

0.0 

6 .25E-03 

8.15E-04 

1.14E-03 

9.05E-04 

1.36E-04 

1.19E-04 

1.53E-03 

8.86E-05 

(.. 73E-04 

BLADOCR 

1 65 E-05 

T.73E-05 

6.53E-05 

5.79 E - 0 4  

1 03E-03 

4.60E-04 

3 . O X - 0 3  

2 .  T2E-03 

6.126-04 

1 e 2 1  E-05 

1 72  E-03 

3.86E-03 

4 .52E-05 

0.0 

5.41E-03 

0.0 

6 27 E-03 

8.24E-04 

1.08E-03 

8.55 E-04 

i.29~-04 

1. L3E-04 

1.4TE-03 

8.26E-05 

4 48 F-04 

BRAIN 

1.20E-05 

7.33E-05 

6.42E-05 

6.25E-04 

1.15E-03 

5 12E-04 

3.43E-03 

3 03E-03 

6.62E-04 

5.23E-0 6 

1.92E-03 

4.33E-03 

4.44E-05 

0.0 

6.13E-03 

0.0 

7.03E-03 

9.24E-04 

1 . l lE-03  

9 .  15E-04 

1.32E-04 

1 15E-04 

1 b5E-03 

8.8TE-05 

4 95E-04 

BREAST 

5.26E-05 

1.71E-04 

1.28E-04 

8.68E-04 

L37E-03 

6.08E-04 

3.93E-03 

3.62E-03 

9 .01  E-04 

5.45E-05 

2.25E-03 

4.96€-03 

9.41 E-05 

0 .0  

7.03E-03 

0.0 

7.88E-03 

1.03E-03 

1.56 E-03 

1.31 E-03 

2.19E-04 

1.9TE-04 

1 90 E-0 3 

1.33 E-04 

6.15E-04 

HE ART 

1. I3E-0 5 

6.65 E-0 5 

5.86E-0 5 

5.64 E-0 4 

1.01E-03 

4.51E-04 

3.05E-03 

2.66E-0 3 

5.87E-04 

5.20 E-0 6 

1.68 E-0 3 

3 8OE-0 3 

4.llE-0 5 

0 .o 

5.40E-03 

0.0 

6.22E-03 

8.19E-04 

1.04E-03 

8.1’7 E-0 4 

1.1 9 E-0 4 

1.04E-04 

l e u € - 0  3 

8.08E-0 5 

4 3 7 E-0 4 

SMALL 
INTEST 1NE 

I .  09E-05 

5 96 E-- 

5.34E-05 

5.06E-06 

9.06E-04 

4.09E-04 

2.82E-03 

2. 40s- 03 

5.29E-04 

5.91E-06 

1.526-03 

3.43E-03 

3.636-05 

0.0 

4.90F-03 

0 .0  

5 .  T5E-03 

7.60F-00 

9.36E-W 

T.35E-00 

1.08E-04 

9 44E-05 

1.30E-03 

1. 18E-05 

3.92E-04 

UPPER 
LAP GE 

I N T E S T I Y E  

1 53F-05 

7.42F-05 

6 .  S4E-05 

5.97E-04 

1. OW-03 

4 .  T8E-04 

3 24’-03 

2.82E-03 

6.29E-04 

1 .OOF-05  

1.89E-03 

Q.O+F-03 

4.61E-05 

0 . 0  

5.74E-03 

0 . 0  

6.62E-03 

8. TZE-Ol  

l . l l E - 0 3  

a .  n e - 0 4  

1.30E-04 

1 14F-0 4 

1 S3F-03 

8.62E-05 

4.64E -04 

LOWER 
L A Q G E  

tYfEST1NE 

1.2 TE-05 

6.49E-05 

5.99E-05 

5.6OE-04 

9.86E-04 

4.43E-04 

3.00E-03 

2.6 1 E-03 

5.82E-04 

T .  24E-06 

1.65E-03 

3. T2E-03 

4.lOF-05 

0.0 

5.29E-03 

0.0 

6ollE-03 

a. O S E - O ~  

1.03E-03 

8.09E-04 

1.20E-04 

1.05E-04 

1041E-03 

7.97E-05 

4.29E-04 

N 
4 
N 



PHOTON DOSE-RATE COYVERSION FACTORS FOR VARIOUS ORGANS FOR IMHERSION I N  CONTAMINATED WATEQ 
. I #  SV/YR PER BO/(CUBIC CMB 

YUCL I DE 

XE-13LY 

XE-133 

XE-133Y 

XE-135 

XE- 135N 

XE-137 

XE-138 

CS-126 

CS-129 

CS-131 

CS-132 

CS-134 

cs-134Y 

C S - U S  

CS-136 

CS-137 

C 5-1 38 

CS-139 

@A-131 

~ a - 1 3 3  

8 a - 1 3 3 ~  

9 4-1 3 5Y 

8 A- 137Y 

8a-139 

Ba-140 

HALF-LIFE 

11.84 0 

5.245 0 

2.19 D 

9.11 H 

15.36 M 

3.83 M 

14.13 Y 

1.64 Y 

32.06 H 

9.688 0 

6.475 D 

2.062 Y 

2.90 H 

2.3E6 Y 

13.16 0 

30.17 Y 

32.2 M 

9.40 M 

11.8 D 

10.5 Y 

38.9 H 

28.7 H 

2.552 Y 

83.1 Y 

12.189 o 

KIDNEYS 

2.23E-05 

8.44E -0 5 

7.28E-05 

5.97E-04 

1.07E -03 

4.79E-04 

3.26E-03 

2.83E-03 

6.43E-04 

1.98E-05 

1.80E-03 

4 03E -0 3 

4.93E-05 

0.0 

5.73E-03 

0.0 

6.64E-03 

8.75E-04 

1.12E-03 

8.95E -04 

1.39E 4 4  

1.23E-04 

1.53E-03 

8.51E-05 

4.65E-04 

LIVEP 

1 4ZE-05 

7.46E-05 

6.27E-05 

5 76 E-04 

1.02 E-03 

4.58E-04 

3 08E-03 

2.TlE-03 

b .04E-04 

8 . 9 9 5 0 6  

I .  r i  E-03 

3. 84E-03 

4.36E-05 

0.0 

5.44E-03 

0.0 

6.27E-03 

8.26E-04 

1.07E-03 

8.45 E-04 

1.26E-04 

1.lOE-04 

1 46 E-03 

8.ZZE-05 

4 45 E-04 

LUNGS 

1 6 8  E-05 

8.34E-05 

6 94E-05 

6 24E-04 

1 1OE-03 

4.90E-04 

3 26E-03 

2 90E-03 

6.53E-04 

1. ME-05 

1 83E-03 

C e l l € - 0 3  

4 88E-05 

0 .o 

5.81E-03 

0.0 

6.62E-03 

8 .  TOE-04 

1 1%-03 

9 e 16 E-04 

1.37E-OC 

1.2OE-04 

1 .%E-03 

8.966-05 

4 .  78E-04 

MARROW 

2 66E-0 5 

1 44E-04 

9.62E-05 

8.14E-04 

1.26E-03 

5 57 E- 04 

3.48E-03 

3.34E-03 

7.95E-04 

1.96 E- 0 5 

i.04E-03 

4.54E-03 

7.72E.05 

0.0 

6.396-03 

0.0 

6.98E-03 

9.06 E-04 

1 42E-03 

1. LEE-03 

1-62 G O 4  

1 6 1 E-04 

1.74E-03 

. ,  

1.25E-04 

5. 65E-04 

R €9 
MARROW 

1. LLE-05 

5.43E-05 

6.49 E-0 5 

6.3 7 E-0 4 

1.12E-03 

5 0 1 E-0 4 

3.30E-0 3 

2.97 E-0 3 

6.61 E-04 

4.30 E -0 6 

1.86 E-03 

4.18E-03 

4.01 E-0 5 

0.0 

5.8 I E-03 

0.0 

6.71 E-0 3 

8.8 1 E-04 

l .15E-03 

9.05 E-04 

1.34E-0 4 . .  
1 16 E-04 

1 59 E-0 3 

8.60E-0 5 

4.86 E-04 

O V A R I  ES 

1.27E-05 

6.25E-05 

5.60E-05 

5.19E-04 

9.85E-Or, 

4.33E- 04 

2.82E-03 

2 59E-03 

5.67E-W 

8.36E-06 

1 66 E-03 

3. ?ZE-03 

3 78E-05 

0.0 

5 23E-03 

0.0 

5.85E-03 

1.66E-04 

1 00E-03 

7.75E-64 

1.13E-04 

9. 88E-05 

1 -42E-03 

7.25E-05 

4.23E-04 

P a NCRE a s 
1 04E-0 5 

5 2OE-05 

5.22E-05 

4.96E-04 

8.8lE-04 

3.95F-04 

2.6w-03 

2.33E-03 

5.18E-04 

5.49E-06 

1. *?E-03 

3.3 1 E-03 

3.45E-05 

0.0 

4.69E-03 

0.0 

5.45E-03 

7.18E-04 

9.09E-04 

7.14E-04 

1.0bE-04 

9.19E-05 

1.26E-03 

6.9%-05 

3.82E-04 

SKELETON 

2.74E-05 

1.48E-04 

9.85E-05 

8.31E-04 

L.28E-03 

5.66E-04 

3.54E-03 

3.39E-03 

8.09E-04 

2.03E-05 

2.07E-03 

4.61E-03 

7.94E-0 5 

0.0 

6,  50E-03 

0.0 

1.09~-03 

9.2 IE-04 

1.44E-03 

1. 20E-03 

l.86E-04 

1 64E-04 

1 77 E-03 

1.28E-04 

5.74E-04 

N 
U 
w 



PHCJTCY DOSE-RBTE CONVESSION FACTORS FOR V A R I O U S  ORGANS FOR I M M E R S I O N  I N  CONTAYINATEO WATER 
I N  S V ~  P E R  e o / ( c u e I c  cct  

NUCL I OE 

XE-  13  1 Y  

XE-133 

XE-133'1 

XE-135 

XE-135Y 

XE-13 7 

XE-130 

C s - l z b  

CS-129 

CS-131 

CS-132 

CS-134 

CS-134'1 

CS-135 

CS-136 

CS-137 

CS-138 

CS-139 

BB-131 

04-133 

EA-133'4 

0A-135M 

0 A- 13 7 M  

84-139 

0A-140 

HALF-LIFE 

11 .84  0 

5.243 0 

2 .19  0 

9 . 1 1  H 

15.36 Y 

3.03 Y 

14.13 n 

1 .64  '1 

32.06 H 

9.600 0 

6 .475  0 

2.062 Y 

2.90 H 

2.3E6 Y 

13.16  0 

30 .17  Y 

32.2 n 

9 - 4 0  W 

11.8 0 

10.5 Y 

38.9 H 

28.7 H 

2.552 M 

83.1 M 

12.789 0 

SKIN 

5.73E -0 5 

1.62E-04 

1.38E-04 

9.47E-04 

1.69E-03 

7.45E-04 

4.02E-03 

4.45E-03 

1 06E -03  

6.11E-05 

2 .85E-03 

6.30E-03 

9.26E-0 5 

0.0 

8 .876-03 

0.0 

9.08E-03 

1.29EQ3 

1 .02E-03 

1.47E-03 

2.41E-04 

2 .15E-04 

2.40E-03 

I .  36E -04 

7.42E-04 

SPLEEN 

1.30E-05 

6.91E-05 

6 -  12E-05 

5.71 E-04 

9 99 E-04 

4.46E-04 

2 97 E-0 3 

2 64 E-03 

5.91E-04 

I . 42 E- 06 

1.66E-03 

3.73E-03 

4.25E-05 

0 .0  

5.28E-03 

0 . 0  

6 -05 E-03 

7.95 E-04 

I .  ME-03 

8.27E-04 

1.23E-04 

1.07E-04 

1.42E-03 

8.15E-05 

4.35E-04 

STOMACH 

1.37E-05 

T . 0 T E - 0 5  

6.16E-05 

5.69E-04 

1.OlE-03 

4.51E-04 

3.01E-03 

2.67E-03 

5.95 E-04 

0.41E-06 

1 69E-03 

3.80E-03 

4.27E-05 

0.0 

5 3 7 5 0 3  

0 .0  

6.14E-03 

0.08E-04 

1.05E-03 

8.30E-04 

1.2 3 E-02 

1.08E-04 

1 44E-03 

0 11E-05 

4.39E-04 

TESTES 

3.72E-OS 

1.37E-04 

1.09E-04 

8. 50E-04 

1.48E-03 

6.54E-04 

4-25  E-0.3 

3-89E-03 

9.09E-04 

3.51 E-0  5 

2 46 E-0  3 

5.47E-03 

7. 72E-05 

0.0 

7.7fE-03 

0.0 

8.67E-03 

1.14E-03 

1.58E-03 

1.28E-03 

2.02E-04 

1. WE-04 

2.08E-03 

1 24E-04 

6 .48  E-04 

THY MUS 

1.93E-0 5 

9.83E-05 

7.3 7 E-0 5 

6.45E-04 

1.12E-03 

5.OOE-04 

3.33E-03 

2.96E-03 

6.68E-04 

1.42 E-0  5 

1.90E-03 

4.27E-0 3 

5.4 1 E-0 5 

0.0 

6 . l l E - 0 3  

0.0 

6 8 7 E-03 

9.02 E-0 4 

1.1 9 E-0 3 

9.50E-04 

1.44E-04 

1 27 E-04 

1.62 E-0 3 

9.51E-05 

4.89E-04 

THYRQ 10 

2.88E- 05 

1.29E-00 

9.73E- 05 

e. 07 E - 0 4  

1.37E-03 

6.07E-04 

3.95E-03 

3.61E-03 

8.34E-04 

2 4OE-05 

2.30E-03 

5.15E-03 

7.18E-05 

0.0 

7.34E-03 

0 .0  

8 . l l E - 0 3  

L.06E-03 

1.48E-03 

1.19E-03 

1.84E-OQ 

1.63E-04 

1.96E-03 

1.20E-04 

6.02E-04 

UTER us 

9.67E-05 

5.90E-05 

5.25E-05 

5.09E-04 

8.936-04 

4.03E-04 

2.77E-03 

2 37E-03 

5.25E-04 

4.05F-06 

I .  48E-03 

3.35E-03 

3.62E-05 

0.0 

4.766-03 

0.0 

5.59€-03 

7 38E-04 

9.28E-04 

7.33E-04 

1 086-04 

9.3%-05 

1.27E-03 

7.2%-05 

3.80E-04 

TOTAL 
BOOY 

2.50E-05 

1.0 lE-04  

8.27E-05 

6.72E-04 

1.10F-03 

5.23E-04 

3.44E- 03 

3 . l l E - 0 3  

7.15E-04 

2.20E-05 

1.96E-03 

4.30E-03 

5. 8OE-05 

0.0 

6.19E-03 

0.0 

7.02E-03 

9.2OE-04 

I. 25E-03 

LOO€-03 

1.56E-04 

1.38E-04 

1.67E-03 

9.73E-05 

5.15E-04 

ru 
4 
P 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CQNTAMINATFQ UATER 
I N  SV/YR PER BQ/(CUBIC CHI 

NUCL IOF 

en-141 

84-142 

LA- I40  

LA-141 

16-142 

CE-139 

CE-141 

CE-I43 

CE-144 

Pq-142 

PR-143 

PR-144 

PR-144'4 

YO-147 

NO-149 

PN-143 

PM-144 

PM-145 

PC-146 

PM-147, 

QW-148 

P P-14 8 Y  

PW-149 

OM-151  

SM-147 

HALF-LIFE 

18.27 Y 

10.70 Y 

40.22 H 

3.94 H 

9 5 . 4  M 

137.66 Q 

32.50 Q 

33.0  H 

284.3 Q 

19.13 H 

13.56 D 

17.28 Y 

7.2 M 

10.98 Q 

1.73 H 

265 D 

3 C 3  0 

17.7 Y 

2020 D 

2.6234 Y 

5 .37  D 

41.3 0 

53.08 H 

28.40 H 

1 . 0 6 9 E l l  Y 

ADRENAL S 

2.30E-03 

2.33E-03 

6.0SE-03 

1.10E-04 

7.59E -03 

3.59E-04 

1.86E-04 

6.5 1E-04 

4.23E-05 

1.52E-04 

2.32E-11 

8.71E-05 

7.72E-06 

3.2OE-04 

9.50E-04 

7 . 6 1 E 4 4  

3.94E-0 3 

2.62E-05 

1 . 9 0 E d 3  

8.74E-09 

I .  48E-03 

5.12E-03 

2.96E-05 

8.38E-04 

0.0 

BLADDER 

2.21  E-03 

2 27E-03 

6.04E-03 

1 10 E-04. 

7 72  E-03 

3.37E-04 

1 74E-04 

6.21E-04 

4 0 8E-0 5 

1. 54E-04 

2 23E-11 

8.78F-05 

1.15E-05 

3.13E-04 

8.93E-04 

7.43E-04 

3.77E-03 

3. TOE-05  

1.82E-03 

8.17E-09 

1.46E-03 

4 90E-03 

2.75E-05 

7.91E-04 

0.0 

BRAIN 

2 . 4 5 5 0 3  

2 54E-03 

6. TEE-03 

1 24E-04 

e. 5 9 ~ - 0 3  

3.48E-04 

1 82E-04 

6.68E-04 

4.1 5E-05 

I .  73E-04 

2.50E-11 

9.82E-05 

5.89E -06 

3.32E-04 

9.68E-04 

8 .  15E-04 

4 2 l E - 0 3  

2.19E-05 

2 02E-03 

8.70E-09 

1 64E-03 

5.48E-03 

3.OlE-05 

8.62E-04 

0 .o 

BREAST 

2.97E-03 

2 94  E-0 3 

7.62 E-03 

1 3 7  E-04 

9.71 E-03 

5.96E-04 

3.04E-04 

9.08E-04 

7.59E-05 

I .  91 E-04 

2.84E-11 

1.10E-04 

3.43E-05 

4.82E-04 

1.32E-03 

9.97E-04 

4.94E-03 

1.02 E-04 

2 4 1  E-03 

I 'WE-08 

1 84E-03 

6.37E-03 

3.94E-05 

1.14E-03 

0.0 

HEART 

2.17E-03 

2.24E-03 

5.98E-03 

1 09E-0 4 

7.70E-03 

3 20E-04 

1 6 8  E-0 4 

5.93E-04 

3.82E-0 5 

1 S t  E-04 

2.19E-11 

8.73E-0 5 

5 .Si?€-06 

2 95 E-0 4 

8.65 E-04 

7.15E-04 

3.69E-03 

2.02E-0 5 

l . 7 8 E - 0 3  

8 .02E-09 

1.44E-03 

4 8 1 E -0 3 

2.68E-05 

7 67 E-0 4 

0.0 

SMALL 
INTEST INE 

1 9TE-03 

2.04E-03 

5.52E-03 

1 0 LE- 04 

7 .  I 6 E - 0 3  

2.84E-04 

?.47E-00 

5.37E-04 

3.36E-05 

1.42E-04 

1.98E- 11 

8.06E-05 

4.23E-06 

2.66E-04 

7.76E-04 

6.5OE-00 

3.33E-03 

2.17E- 05 

1.60E-03 

6.94E-09 

1.32E-03 

4.34E-03 

2 41 E- 05 

6.89E-04 

0.0 

UPPER 
L4QGE 

INTESTIME 

2.30E-03 

2 38E-03 

6.37E-03 

1.16E-OQ 

8. I ~ E - O ~  

3 M E - 0 4  

1 .8 lE-04 

6.36E-04 

4.18E-05 

I .  6ZE-OQ 

2.33E-11 

9.28F-05 

8.82E-05 

3.18E-04 

9.22E-04 

r . 6 w - 0 4  

3.93E-03 

2.92E-05 

1 89F-03 

8.62E-09 

1.53E-03 

5.11E-03 

2.84E-05 

8. I T € - 0 4  

0.0 

LOWER 
LARGE 

INTESTINE 

2.13E-03 

2.20E-03 

5. 87E-03 

1.OTE-04 

7.57E-03 

3.18E-04 

1.65F-04 

5.88E-04 

3.76E-05 

1.50E-04 

2. 14E-11 

8.56E-05 

6.bOE-06 

2.90E-04 

8.54E-04 

7.03E-04 

3.6 I E-03 

2.27E-05 

1.74E-03 

7.80E-09 

1.4lE-03 

4.7 I E-03 

2.66E-05 

7.56E-04 

0.0 

N 
U 
m 



' . -  
PHqTON DOSE-RATE CONVERSION FACTORS FOR V A R I O U S  ORGAVS FOR I M M E R S I O N  I N  C O N T A M I Y A T E O  WATER 

IN SVIYR PER ea/ (cueIc CMI 

N U C L I D E  

8 n - i ~ ~  

ea-142  

L A - 1 4 0  

cn-141 

LA-142 

CE-139 

CE-I41 

CE-143 

CE-144 

P R - I 4 2  

PQ-143 

P Q - 1 4 4  

Po-144'4 

YO-147 

YO-149 

PM-143 

P Y - 1 4 4  

PM-145 

PM-146 

PM-147 

PM-148 

PY-148'4 

PM-149 

PM-15 1 

SY-I47 

H A L F - L I  FE 

18.27 Y 

10.70 rl 

40.22 H 

3.94 H 

95.4 M 

137.66 D 

32.50 0 

33.0 H 

284.3 0 

19.13 H 

13.56 D 

17.28 M 

7.2 M 

10.98 0 

1.73 H 

265 0 

363 D 

17.7 Y 

2020 0 

2.6234 Y 

5.37 0 

41.3 0 

53.08 H 

28.40 H 

KIDNEYS 

2.30E -03 

2.38E-03 

6.3 7E-03 

1.16E-04 

8.28E-03 

3.54E-04 

1.79E-04 

6.52E-04 

4.26E-05 

1.62E-04 

2.3ZE-11 

9.33E-05 

I .  58E-05 

3.30E-04 

9.27E-04 

7 e 8  S E - 0 4  

3.94E-0 3 

4 .81E-05  

1.90E-03 

8.29E-09 

1.53E-03 

5.10E-0 3 

2.85E-05 

8.22E-04 

L I VER 

2.20E-03 

2 26E-03 

6.04E-0 3 

1. LO€-04 

7.75E-03 

3.31E-04 

1 72E-04 

6.12F-04 

4 .OOE-05 

1 54E-04 

2.21 E-1 1 

8.80E-05 

8.98 E-0 6 

3.08E-04 

8.86E-04 

7.3LE-04 

3.74E-03 

3.03E-0 5 

1.81 E-03 

8.15E-09 

1. 4SF-03 

4.87E-03 

2. T4E-05 

7.84E-04 

LUNGS 

2 -35 E-03 

2.41E-03 

6.39E-03 
1 .  . 

1. L6E-04 

8 .  L4E-03 

3.64E-04 

1.89E-04 

6. tOE-04 

4.42E-05 

I .62E-OC 

2.36E-11 

9.28E-05 

1 O2E-05 

3 3 3E-04 

9.58E-04 

7.83E-04 

Ca OlE-03 

3.40E-05 

1.93E-03 

9 .OZE-09 

1 54E-03 

5.21 E-03 

2.95E-05 

8.47E-04 

MAReOW 

2.72E-03 

2.66E-03 

6.79E-03 

1.22 E-04 

8.45E-03' 

5.37E-04 

t .88E-04 

8. I S € - 0 4  

6.%E-05 

1.68E-04 

2.59E-1 1 

9.74E-05 

1. 80 E-05 

4.33 E-04 

1.22E-03 

8.79E-04 

4.51 E-03 

6.02E-05 

2.19E-03 

1.43E-0 8 

1.65E-03 

5.85E-03 

3 . 6 7 5 0 5  

1.05E-03 

R EO 
HA@. ROW 

2 -39 E-0 3 

2 4 3 E -0 3 

6.47 E-0 3 

1.17 E-04 

8.30E-0 3 

3.37E-04 

I.7ZE-04 

6.5 7 E-04 

3.73 E-0 5 

1.63E-04 

2.41E-11 

9.42 E-0 5 

4.13E-06 

3.11 E-04 

9.53 E -04 

7.79E-04 

4.07E-03 

1 50 E-0 5 

1.96E-03 

7.80 E -09 

1.56E-03 

5.31E-03 

3.03 E-05 

8.47E-04 

OVA4 1 ES 

2.06E-03 

2.16E-03 

5.66E-03 

1.04E-04 

?.OS€-03 

2.88E-04 

1.49E-04 

5.70E-04 

3.43E-05 

1.43E-04 

2. LSE-11 

8.14E-05 

7.44E-06 

2.85E-04 

8.16E-04 

7.07E-06 

3.62E-03 

2 48E-05 

1.74E- 03 

7.02E-09 

1 38E-03 

4.70E-03 

2 . m - 0 5  

7.29E-01 

PANCQE AS 

1 9OF-03 

1.9SF-03 

5.24E-03 

9.54E-05 

6. ??E-03 

2 .  75F-Oft 

1.42E-04 

5.20E-04 

3. 18E-05 

1.33E-04 

1.91E-11 

7.64E-35 

4.92E-06 

2 53E-04 

I .  %E-04 

6.23 €-Oft 

3.22F-03 

1. 71E-05 

1 55E-03 

6.6lE-09 

1 26E-03 

4.19E-03 

2.36E-05 

6.69E-04 

SKELETON 

2.77F-03 

2.7lE-03 

6.90E-03 

1 .24E-04  

8.59E-03 

5.5lE-04 

2.9SE-04 

8.30 E-04 

7.15E-05 

1.71E-O'+ 

2. 64E-11 

9.9OF-05 

1.8ftE-05 

4.41E-04 

1.24E-03 

8.94E-04 

4.58E-03 

6. L5E-05 

2.23E-03 

1.47E-08 

1.68E-03 

5.9SE-03 

3.74€-05 

1.07E-03 

1.069El l  Y 0.0 0.0 . 0.0 0.0 0.0 0.0 0 .0  0.0 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS QRGAVS F9R IMMERSION I N  CONTAMINATE0 W4TER 
r v  SVIYR PER e.a/(cueic cui 

NUCLIDE 

EA-141 

~ a - 1 4 2  

LA-140 

16-141 

LA-142 

CE-139 

CE-141 

CE-143 

CE-144 

DR-142 

PR-143 

PR-144. 

PR-144'4 

NO-I47 

ND-149 

P*-143 

PW-144 

PM-145 

PN-146 

PN-147 

PY-148 

P M-148Y 

PM-149 

OW-\ 5 1 

SY-147 

HALF-LIFE 

18.27 M 

10.70 9 

40.22 H 

3.94 H 

95.4 N 

137.66 0 

32.50 0 

33.0 H 

204.3 0 

19.13 H 

13.56 0 

17.28 Y 

7.2. Y 

10.98 0 

1.73 c( 

265 D 

363 0 

17.T Y 

2020 0 

2.6234 Y 

5.37 0 

41.3 0 

53.08 H 

20.40 H 

1.069El l  Y 

SKIN 

3.56E-03 

3.68E-03 

9.57E-03 

1.74E -04 

1.19E-02 

5.94E-04 

2.94E-04 

1.05E-03 

7.25E-05 

2.41E-04 

3.63E-11 

1.38E-04 

3.57E-05 

5.4 2E -04 

1.48E-03 

1.25E-03 

6.21E-03 

1.03E-04 

3.00E-03 

1 . 3 6 E 4 8  

2.33E-03 

8. OOE-0 3 

4.50E-05 

1.31E-03 

0.0 

SPL EEN 

2.14E-03 

2.19E-03 

5.83E-03 

1.06E-04 

7.45E-03 

3.27E-04 

1.7lE-04 

5 96 € 4 4  

3.91 E-05 

1 48E-04 

2.15F-11 

8.46E-05 

7 04E-0 6 

2.96 E-04 

8.70E-04 

7.06E-04 

3.64E-03 

2.44E-0 5 

1.76E-03 

0.11 E-09 

1.41 E-03 

' . ,  

4.74E-03 

2 .  TOE-05  

7 68  E-04 

0.0 

STOMACH 

2 16E-03 

2.22E-03 

5.90E-03 

I .07E-04 

7 63  E-03 

3.26E-04 

1. TOE-04 

e 02E-04 

3 a 9 1  E-05 

1.50E-04 

2 -19E-11 

0.63E-05 

7.81  E-06 

3.00E-04 

8.73E-04 

7.2 IE-04 

3.  TOE-03 

2.66E-05 

1 78 E-03 

8.06E-09 

1 .42E-03 

4.81 E-03 

2 TOE-05 

7.73E-04 

0.0 

TESTES 

3.14E-03 

3 20 E-03 

8. 38E-03 

1 52E-04 

1 06E-02 

5.28E-04. 

2 69 E-04 

9.15E-04 

6.53E-05 

2 . l lE -04  

3.14E-11 

1.21E-04 

2.47E-OS 

4. 73E-04 

1.31E-03 

1 07E-03 

5.38E-03 

7.53E-05 

2.60E-03 

1.27E-08 

2.03E-03 

6.96E-03 

4. OOE-05 

1.16E-03 

0.0 

THYMUS 

2.45E-03 

2.54E-03 

6.62 E-03 

1.22E-04 

8.35E-0 3 

3 92  E-04 

2.05 E-04 

6.91 E-04 

4.91 E-0 5 

1 6 8 E-0 4 

2.47E-11 

9.53E-0 5 

1 .+4E-05 

3.55E-04 

9.98E-04 

8.29E-04 

4.15E-03 

4.7OE-05 

2.00E-03 

9.84E-09 

1.61E-03 

5.39E-03 

3.04 E-0 5 
. .  

8.8 1 E-04 

-0.0 

THYRO IO 

2.96E- 03 

3.05E-03 

7.85E-03 

1.44E-04 

9.75E-03 

5.05E-OI . 

2.63E-04 

8.56E-04 

6.33E-05 

1 98E-04 

2 97E-11 

1 12E-04 
5. 

1.98E- 05 

4.42E-04 

1.24E-03 

1. OOE- 03 

5.04E-03 

6.29E- 05 

2.44E-03 

1.27E-08 

1 92E-03 

6.53E-03 

3.77E-05 

1.09E- 03 

0.0 

UTERUS 

1 94E-03 

1 98E-03 

5.38E-03 

9.80E-05 

6 94E-03 

2 87E-04 

1 50E-04 

5 3 1E-04 

3.4lE-05 

1 38E-04 

1.92E-11 

7. 86E-05 

5.33E-06 

2.63E-04 

7. 7 4 ~ 0 4  

6.29E-06 

3.25E-03 

1 94E-05 

1.5 7E-03 

7.09E-09 

I 29E-03 

4.24E-03 

2. 41E-05 

6.85E-04 

0.0 

TOTAL 
BODY 

2 5 1 E -0 3 

2.57E-03 

6.78E-03 

1.23E-04 

8.60E-03 

4.07E-04 

2.09E-04 

1.2 1 E-04 

4.99E-05 

1.7lE-04 

2.52E-11 

9.82E-05 

1.64E-05 

3.68E-04 

1.OCE-03 

8.50E-04 

4.30E-03 

5.08E-05 

2.08E-03 

9.9DE-09 

1.64E-0 3 

5.57 E-03 

3.17E-05 

9.15E-04 

0.0 

Iu 
U 
U 



PHOTOY DOSE-RATE trJNVEPSION FACTORS FOR VARIOUS ORGANS FOR 1MMEP.SION I N  CONTAMINATE0 YATER 
IN SVIYQ PER eattcmrc cni 

YUCL I DE 

S M - 1 5 1  

SM-153 

EU-152 

EU-152* 

EU-154 

EU-LSS 

EU-156 

GO-152 

GO-153 

GO-159 

GO-162 

78-1 ST 

78-160 

T8-162 

Or-151 

QY-165 

OY-166 

MU-166 

HO-166Y 

€9-169 

EQ-111 

TW-170 

TM-171 

VB-I69 

re-115 

HALF-L IFE 

90 Y 

46.7 H 

13.6 Y 

9.32 n 

8.8 Y 

4.96 Y 

15.19 0 

L.lE14 Y 

241.6 0 

18.56 ti 

9.7 w 

150 Y 

12.3 0 

7.16 M 

8.06 H 

2.334 H 

81.6 H 

26.80 t i  

1.2OE3 Y 

9.40'  Q 

7.52 H 

128.6 0 

1.92 Y 

31.91 0 

4.19 0 

AORENALS 

7.49E-10 

1.09E-04 

2.93E-03 

8.08E -04 

3.23E-03 

1.21E-04 

3.60E -03 

0.0 

1.84E-04 

9. 13E-05 

1.06E-03 

4.27E-06 

2.81E-03 

2.85E-03 

8.40E-04 

5.92E-05 

6.4TE-05 

6.51E-05 

4.11E-03 

3.98E -09 

9.22E-04 

9.11E-06 

1.02E-06 

6.55E -04 

9. TEE -0 5 

BLAOOEII 

4 02 E-1 0 

1 16E-04 

2 8 1  E-03 

7 88 E-04 

3.17E-03 

1.29E-04 

3 6 1 E-03 

0.0 

2.01 E-04 

8.84E-05 

1 e 00E-03 

5.84E-06 

2 T3E-03 

2 73 E-03 

r.94E-04 

5.82E-05 

1.24E-05 

6079E-05 

3.93€-03 

3 11 E-09 

8.63E-04 

1.05E-05 

1 . 1 9 E 0 6  

6.52 E-04 

9.19E-05 

BRAIY 

2 27E-10 

1.07E-04 

3 20E-03 

8.78E-04 

3.55 E-03 

1 28E-04 

4 05E-03 

0.0 

1 BO€-04 

9.26E-05 

1 l lE -03  

3.88E-06 

3 06E-03 

3.04E-03 

8.45E-04 

6.18E-05 

6.54E-05 

1.26E-05 

4.37E-03 

3 93 E-09 

9.28E-OC 

I 01E-05 

1.05E-06 

6.53E-04 

9 98E-05 

BREAST 

1. ?OE-08 

2.41 E-04 

3. 15E-03 

1.03E-03 

4.07E-03 

2 54 E-04 

4.54E-03 

0.0 

4.29E-04 

1.37E-04 

lo3TE-03 

1.50E-05 

3.51 E-03 

3.61 E-03 

1 20E-03 

8.93E-05 

1.53E-04 

1.02 E-04 

5.24E-03 

1. 17E-08 

1 31  E-03 

2.20E-05 

2. T I  E-06 

I 2OE-03 

1.35E-04 

HE ART 

2 67E-LO 

9.R E-0 5 

2.82 E-03 

7.12 E-04 

3 12E-0 3 

1 11 E-0 4 

3.58E-0 3 

0.0 

1.65E-04 

8.2 3 E-0 5 

9.76E-04 

3.50E-06 

2.69E-03 

2.68E-03 

1.55E-04 

5.48E-0 5 

5.86 E-0 5 

6.42E-05 

3.86 E-0 3 

3 6 2  E-09 

8.33E-04 

9.04E-06 

9.30E-07 

5.91 E-04 

8.89E-05 

SMAL L 
I N T E S T  I Y E  

2.03E-10 

8.8SE-0s 

2.  SI€-03 

1.02E-04 

2 85E-03 

1 O4E-Ol 

3.30E-03 

0.0 

1 5 LE-04 

I .  48E- 05 

8. 17E-06 

3.6SE-06 

2.45E-03 

2 43E-03 

6.82E-04 

4.95E-05 

5.45E-05 

5.92E-05 

3.48 E- 03 

3.12E-09 

1. 46E-W 

8.15E-06 

8.13E-01 

5.33E-64 

7.98E-05 

UOPER 
LAeGE 

I Y T E S T I  YE 

6 64E-10 

1.1 l€-04 

3.OlE-03 

8.25E-04 

3.33E-03 

1.29E-04 

3. 81F-03 

0.0 

1.90E-04 

8.81F-05 

1 O3E-03 

4.65E-06 

2.87F-03 

2.85E-03 

8-07-04 

5.9OF-05 

6.6LE-05 

6.90E-05 

4.10E-03 

3.90E-09 

8.85E-04 

9.88E-06 

1.04:-06 

6.39E-04 

9.44E-05 

LOWER 
LARGE 

INTE ST INE 

5.32E-IO 

9.68E-05 

2.77E-03 

1. 5 TE -04 

3mO6E-03 

1 1 +E-04 

3.5 I E-03 

0.0 

1.64E-04 

8.1TE-05 

9.60E-04 

3.16E-06 

2.64E-03 

2.63E-03 

1.50E-04 

5.38E-05 

5 .  T9E-05 

6.29E-05 

3. 18E-03 

3.53E-09 

8.23€-04 

8.74E-06 

9.13E-07 

5.84E-04 

8. 17E-05 

N 
U. 
03 



PHOTON OOSE-UATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAMINATE0 WATER 

NUCLI  OE 

SM-151 

Srl-153 

EU-152 

EU-152M 

EU-1.54 

EU-155 

EU-156 

GO-152 

GO-153 

GO-159 

GO-162 

TB-157 

TB-160 

'19-162 

OY-I57 

OY- 16 5 

OY-166 

HO-166 

PO-1664 

ER-I69 

E*-171 

tM-!70 

TM-171 

YB-169 

Ye-175 

HALF-L I FE 

90 Y 

46.7 H 

13.6 Y 

9.32 H 

8.8 Y 

4.96 Y 

15.19 0 

1.1E14 Y 

241.6 0 

18.56 H 

9.7 M 

150 Y 

72.3 o 

7.76 M 

8.06 H 

2.334 H 

81.6 H 

26.80 H 

1.2ou Y 

9.40 0 

7.52 H 

128.6 0 

1.92 Y 

31.97 0 

4.19 0 

KIONEYS 

1.0 2E -09 

1.26E-04 

3.02E-03 

8.29E-04 

3.32E-03 

1.35E-04 

3.8 2E-0 3 

0.0 

2.21E-04 

9.31E-05 

1 04E -0 3 

7.12E-06 

2.86E-03 

2.85E-03 

8.29E-04 

6 . l l E - 0 5  

7.93E-05 

7.2OE-05 

40 lOE-03 

3.77E-09 

8.93E-04 

1 1 l E - 0  5 

1.31E-06 

6.86E-04 

9.51E-05 

L I VEP 

3.44E-LO 

1. IO€-04 

2.8 5E-0 3 

7.82E-04 

3.15E-03 

1.27E-04 

3.61 E-03 

0.0 

1 89E-04 

8 67 E-0 5 

9.95E-04 

5. ME-06  

2.72E-03 

2 71 E-03 

7.84E-04 

5.73E-05 

6.91E-05 

6m73E-05 

3.91E-03 

3.7OE-09 

8.57E-04 

1.03E-05 

1.lSE-06 

6.41E-04 

9.13E-05 

LUNGS 

8 83E-10 

1 22E-04 

3.04E-03 

8 35E-04 

3.36E-03 

1 e4OE-06 

3 82E-03 

0.0 

2.10E-04 

9.39E-05 

1.07E-03 

5.60E-Ob 

2 90E-03 

2.91 E-03 

8.48E-04 

6.20E-05 

7.64E-05 

7.21E-05 

4.19E-03 

4. If€-09 

9 29 E-04 

1 14E-05 

I .  28E-06 

7.04E-04 

9.87E-05 

MARROW 

I. 28E-09 

2 06E-04 

3.37E-03 

9.22E-04 

3.68E-03 

2.37E-04 

4.03E-03 

0.0 

3.57E-04 

I 22 E-04 

1.27E03 

1.01E-05 

3.18E-03 

3.31E-03 

1. WE-03 

8.04E-05 

1 29E-04 

9.04E-05 

4.81 E-03 

6.67E-09 

1.UE-03 

2.00E-05 

2.30E-06 

1.09E-03 

1.26E-04 

R E O  
MARROW 

3.02E-10 

8.5 OE -0 5 

3.05 E-0 3 

8 3 5 E-04 

3.37 E-0 3 

1.02E-04 

3.85E-0 3 

0.0 

1 4 1 E-04 

9.01E-05 

1.1OE-03 

2.48 E-06 

2 092 E-0 3 

2 94 E-0 3 

8.43E-04 

5.72E-05 

4.8 1 E-05 

4.40 E-0 5 

4.2 3 E-0 3 

3.42E-09 

9.17E-04 

7ml2E-06 

6 -63 E-0 7 

5.74E-Oe 

9.84E-05 

OVAR 1 S 

5.78E-10 

9.27E-05 

2.71E-03 

7.52E-01 

3.01E-03 

1.07E-Ob 

3.38E-03 

0.0 

1 58E-01 

7. 94E- 05 

9.klE-04 

4.06E-06 

2 60E- 03 

2 59E-03 

7.16 E-04 

5.31 E- 05 

5.78E-05 

6.llE-05 

3.73E-03 

3.20E-09 

7.78E-04 

8.48E-06 

9 30E-07 

5.49-E- 04 

8.42E-05 

PANCREAS 

&.SEE-13 

7.87E-05 

2.45E-03 

6.7OE-04 

2. T2E-0 3 

9.29E-05 

3 13E-03 

0.0 

1 32E-04 

7.18E-05 

8.57E-04 

2.8 1 E-06 

2 34E-03 

2 34E-03 

6.6 2E-0 4 

4.68E-05 

4.62E-05 

5.43E-05 

SKELETON 

I. 47E-09 

2.11E-04 

3.43E-03 

9.38E-04 

3. 74E-03 

2.44E-04 

4.09E-03 

0.0 

30 67E-04 

1.24E-04 

1.29E-OS 

1.03E-05 

3.24E-03 

3.37E-03 

1.11 E-03 

8.21E-05 

1.32E-04 

9.23E-0 5 

N 
v 
W 



PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS 
I N  S V l Y R  PER 8 O / ( C U B f C  CMt 

N U C L I  OE 

sw-151 

S11-153 

Ell-152 

EU-152M 

EU-154 

Ell-155 

E U - 1 5 6  

GO-152 

GO-153 

GO-159 

GO-162 

'18-157 

TB-160 

'18-162 

OY-15 7 

OY-165 

OY-166 

HO-106 

HO-166W 

ER-169 

E R - 1 7 1  

T U - 1 7 0  

TcC17l 

YE-169 

Y 8-1 75 

H A L F - L I F E  

9 0  Y 

46.7 H 

13.6 Y 

9 .32  H 

8.8. Y 

4 .96  r 
15.19 0 

L l E 1 4  Y 

241.6 0 

18.56 H 

9 .7  u 

150 Y 

72.3  0 

7 .76  M 

8.06 H 

2.334 H 

81.6 H 

26.80 H 

1.2OE3 Y 

9 . 4 0 ' 0  

7 .52  H 

128.6 0 

1.92 Y 

31.97 0 

4 .19  0 

SKIN 

1.60E-08 

2.28E-04 

4. bbE-03 

1.29E-03 

5.12E-03 

2 .34E-04 

5 . T l E - 0 3  

0.0 

4. O S E - 0 4  

1.53E-04 

1.64E-0 3 

1.49E-05 

4.43E-03 

4.45E-03 

1.34E-03 

1 OOE -04 

1 .48E-04 

1.15E-04 

6 .43E-03 

1 6 7E-0  8 

1.43E-03 

2.03E-05 

2.53E-06 

l . l B E - 0 3  

1.52E-04 

SPL EEN 

4.63E-10 

1 .O2E-04 

2 76 E- 0 3  

7.56E-04 

3 05 E-03 

1.20E-04 

3.47E-03 

0.0 

1.74E-04 

8.37E-05 

9.76E-04 

4.08E-06 

2.63E-03 

2.64 E-03 

7.66E-04 

5 . 5 0 E 0 5  

6.19E-05 

6.36 6 0 5  

3.80E-03 

3.67E-09 

8.42E-04 

9.38E-06 

9 .93EO7 

6.09E-04 

8.95E-05 

STOMACH 

5.28E-LO 

1.04E-04 

i.8OE-03 

7 .7  1E-04 

3 . lo€ -03  

1 22E-04 

3.54E-03 

0.0 

1.78E-04 

8.+5E-05 

9.82E-04 

4 - 4  1 E-06 

2.68E-03 

2 &E-03 

7.69E-04 

5.59E-05 

6.41E-05 

6.47E-05 

3.86 E-03 

3 65 E-09 

8 -43  E-04 

9.62E-06 

1 .04E-06 

b -16 E-04 

8 9 8 E- 0 5 

FOR I M M E R S I O N  I N  C O N T A M I N A T E 0  WATER 

T E S T E S  

4.20E-09 

1 .98  E-04 

4.06E-03 

1.12 E-03 

4.45E-03 

2.13E-04 

5 00 E-03 

0.0 

3 48E-04 

1.33 E-04 

1.44E-03 

1.13E-05 

3.85E-03 

3.88E-03 

1.18E-03 

8.78E-05 

1 26 E-04 

1.01 E-04 

5.61E-03 

6.31 E-09 

1.28E-03 

1.80E-05 

t e l l € - 0 6  

1.05 E-03 

1.35E-04 

THYMUS 

3.75E-LO 

1.45E-04 

3.20 E-0 3 

8.84E-04 

3.54E-03 

1 6 2E-0 4 

3.96E-0 3 

0.0 

2.53 E-04 

9 .9 lE-05 

1'. 09E-0 3 

7.62 E-0 6 

3.06 E-03 

3.05 € 4 3  

8.83E-04 

6.67E-05 

9.2+ E-0 5 

7 8 8 E -0 5 

4 .38E-03 

4.52E-09 

9 .68E-04 

1 a6E-0.5 

1 59 E-06 

7 .89E-04 

1.02E-04 

THYRr) IO 

1.73E-09 

1.88E-04 

3.84E-03 

1.06E-03 

4.24E-03 

2 09E-04 

4.69E-03 

0 . 0  

3.28E-04 

1.24E-04 

1 34E-03 

9.94E- 06 

3 66 E-03 

3.69E-03 

1. L O € - 0 3  

8.28E-05 

1.19E-04 

9.59E-05 

5.32E-03 

5.87E-09 

1 2 1 E- 03 

1 75E-05 

2.06E-06 

1 01 E-03 

1.27E-04 

UTERUS 

4. 87E-1 1 

8.76E-05 

2.50E-03 

6.79E-04 

2 .  77E-03 

1.04E-04 

3.21E-03 

0 .0  

1.48E-04 

1.42E-05 

8.72E-04 

3.35E-06 

2.38E-03 

2.37E-03 

6.8XE-04 

4.86 E -05 

5.29E-05 

5.77E-05 

3.40E-03 

3.18E-09 

7.48s-04 

8.05E-06 

8.33E-07 

5.30E-04 

7 97E-0 5 

TOTAL 
BOOY 

3.06E-09 

1.46E-04 

3.25E-03 

8.95E-04 

3.5 8E-03 

1.6 1E-04 

4.OSE-03 

0.0 

2.55E-04 

1.04E-04 

lm15E-03 

7.8 LE-06 

3.09E-03 

3 . l l E - 0 3  

9.26E-04 

6.84E-05 

9 2 5 E-05 

7.92E-05 

4.48E-03 

5.16E-09 

1.0 IE -03  

1. 34E-05 

1.57E-06 

8.OlE-04 

lo O7E-04 

N 
03 
0 



PHOTCN DOSE-RATE CONVERSION FACTORS FOR VARIOUS &CANS FOR IMMERSION I N  CONTAMINATED WATER 
I N  S V l V R  P E R  BO/(CUBIC C M #  

NUCLIDE 

LU-177 

LU-177Y 

HF-181 

T6-182 

w-181 

W-185 

W-187 

w-188 

RE-182 

R E -  18 24 

RE-183 

RE-1134 

QE-1844 

R.E- 186 

RE-187 

RE-188 

OS-185 

as-186 

0 S-19OM 

05-191 

CS-1914 

05-193 

IR-190 

tR-190Y 

IR-190Y 

HALF-LIFE 

6.71 0 

160.10 D 

42.39 0 

114.74 0 

120.95 0 

75.1 0 

23.83 H 

69 .4  0 

64 .0  H 

12.7 H 

7 0  0 

38.0 0 

169 0 

90 .64  H 

4.7E10 Y 

16.98 H 

93.p 0 

2.OE15 Y 

9 .9  rl 

15 .4  D 

13.03 H 

30.0 H 

11.78 0 

1.2 H 

3.2 H 

ADREN ALS 

8.54E-05 

2 44E-03 

1.36E-03 

3.31E -03 

6.48E-05 

6.7OE-08 

1.20E-03 

4.44E-06 

4.40E-03 

3.03E-03 

3.21E-04 

2.29E-03 

9.58E -04  

4.74E-05 

0.0 

1.47E-04 

1.78E-03 

0.0 

4.03E-03 

1.56E-04 

8.37E-06 

1.6 3E - 0 4  

3.53E -03  

l . l l E - 0 8  

8.63E-05 

BLADDER 

7.98E-05 

2 29 E-03 

1.29E-03 

3.27E-03 

7.47E-05 

6.24E-08 

1 15 F-03 

4 .  IO€-06 

4.31E-03 

3.02E-03 

3.25 E-04 

2.23E-03 

9.29E-04 

4.60 E-05 

0.0 

1.40E-04 

1 7ZE-03 

0.0 

3 81 E-03 

1.57.E-04 

9,34E-06 

1 56 E-04 

3.36 E-03 

7.87E-12 

9 64E-0 5 

BRAIN 

8.41E-05 

2.45E-03 

1.42E-03 

3 65 E-03 

6.80E-05 

6 e 6 6  E-08 

1.28E-05 

4.42E-06 

4.76 E-03 

3.36E-03 

3.25E-04 

2 48E-03 

1 .OLE-03 

4.77 E- 05 

0.0 

1.53E-04 

1 91E-03 

0.0 

4.22E-03 

1.60E-06 

8.87E-06 

1 69E-04 

3 .7 lE-03 

8.90E-LO 

9. ME-05 

BREAST 

1.34E-04 

3.55E-03 

1 82E-03 

4 24E-0 3 

1 64 E-04 

1. lDE-07 

1 56 E-03 

6.2 lE-06 

5.91E-03 

3 . 9 7 ~ 0  3 

6.14E-04 

2.93E-03 

1.35E-03 

8.42E-05 

0.0 

2 .  Ob E-,04 

2.29E-03 

0.0 

5.19E-03 

3.OZE-04 

2.04E-05 

2.37E-04 

4.61E-03 

8.71E-07 

2 03 E-04 

H E  ART 

7.6 7E-0 5 

2.21E-03 

.I 2 5 E-03 

3.21 E-03 

6.03E-0 5 

6.14E-08 

1.13 E-03 

3.98 E-06 

4.21 E-03 

2.95E-03 

2.93E-04 

2.18E-03 

8.97E-04 

4.35E-05 

0.0 

1.37E-04 

1.68 E-03 

L O  

3.72E-03 

1.45E -04 

7.88 E-06 

1.50E-04 

3.27E-03 

1.45E-09, 

8.13E-05 

SMALL 
I NTEST I Y E  

6.82E- 05 

1 97E-03 

1 12E-03 

2 .94 E- 03 

5.59E-05 

5.31E-08 

1 0 lE-03 

3.57E-06 

3.84E-03 

2.71 E-03 

2.64E-04 

1.97E-03 

8.1OE-04 

3.83E-05 

0.0 

1.22E-.OQ 

1.52E-03 

0 .0  

3.34E-03 

1 . 28E-OQ 

7.18E-06 

r.35E-01 

2.95 E-03 

2.20E- 11 

7.42E-05 

U P P E R  
LAQGE 

I N  TFST I YE 

8.18E-05 

2.35E-03 

1.33E-03 

3.43E-03 

6.63E-0 5 

6.59E-08 

l.2OE-03 

4.21E-06 

4.49E-03 

3 . 1 5 5 0 3  

3.16E-OC 

2 . m - 0 3  

9.57E-04 

4.67E-05 

0 . 0  

1.46E-04 

1 79E-03 

0 .0  

3.95 E-03 

I 55F-OI 

8.52E-06 

1 60E-04 

3.47E-03 

3.62E-11 

8.80E-05 

LOWER 
LARGE 

IYTESTINE 

7.58E-05 

2.18F-03 

1.23E -03 

3.15E-03 

5.84E-05 

5.97E-08 

1.  IO€-03 

3.95E-0t 

4.14E-03 

2.89E-03 

2.87E-04 

2. ?3E-03 

8.79E-04 

4.24E-05 

0.0 

1.34E-04 

1.64E-03 

0.0 

3.65E-03 

1.40E-04 

7.55E-06 

1.47E-04 

3.21E-03 

4.57E-09 

7.79E-05 



PHfITON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR I M M E R S I O N  I N  CONTAMINATE0 WATER 
I N  SV/YR.  PER BQ/(CUBIC CW) 

NUCLIDE 

LU-lT7 

LU-1 T TU 

HF-181 

TA-182 

11-181 

W-185 

w-mr 

w-188 

RE-182 

RE-182H 

RE-183 

RE-184 

RE-184Y 

RE-186 

RE-187 

RE-188 

OS-185 

CS-186 

OS-19OY 

OS-191 

os-19 L Y  

OS-I93 

1 R- 190 

I R - 1 9 0 M  

I R-.190Y 

HALF-Ll FF 

6.71 o 

160.10 0 

42.39 0 

114.14 0 

120.95 0 

75.1 0 

23.83 n 
69.4 0 

64.0 H 

12.7 H 

70 0 

38.0 ' 0  

169 D 

90.64 H 

4 . 7 ~ 1 0  Y 

16.98 H 

03.6 D 

2.OE15 Y 

9.9 rl 

15.4 0 

13.03 H 

30.0 H 

l l e T 8  0 

1.2 H 

3.2 H 

KIDNEYS 

8.22E-05 

2.36E-03 

1.33E-03 

3.43E-03 

8.05E -05  

6.33E-08 

1.20E-03 

4.23E-06 

4.51E-03 

3.17E-03 

3.41E-04 

2.33E-03 

9.69E-04 

4. T3E-05 

0.0 

1 45E -04  

1 80E-0  3 

0.0 

3.95E-03 

1.62E-04 

9.85E-06 

1.62E-04 

3.49E -03 

2.7TE-11 

1.02E-04 

LIVER 

7.93E-05 

2.2TF-03 

1 28E-03 

3 2 5 F-03 

7.25F-05 

6.23E-08 

1 15E-03 

4.08E-06 

4.29E-03 

3 00 EL03 

3.21 E-04 

2.21 F-03 

9.22E-04 

4.57E-05 

0.0 

1 . 3 9 6 0 4  

1 71  E-03 

0.0 

3.T9E-03 

1.56E-04 

9. i n - 0 6  

1.55E-04 

3 a 4 E - 0 3  

1.13E-10 

9.47F-05 

LUNGS 

8 68 E-05 

2 4 7E-03 

1.38E-03 

3 46E-03 

8.03E-05 

6.88E-08 

1.23E-03 

4 42E-06 

4.59E-03 

3 20E-03 

3.53E-04 

2.36E-03 

9.94E-04 

5 04E-05 

0 .o 

1 5 lE-04 

1 83E-03 

0.0 

4.OTE-03 

1.72E-04 

L .OlE-05 

1.68E-0% 

3.5 9E -03 

8.81 E-09 

1 .04E-O4 

UARROW 

1.26E-04 

3.33E-03 

1 TOE-03 

3.82E-03 

1.446-04 

1.08E-07 

1.44E-01 

5 . 8 3 6 0 6  

5.38E-03 

3.51E-03 

5.65E-04 

2 6TE-0 3 

1.24E-03 

8.046-05 

0.0 

1.94E-04 

2.106-03 

0.0 

4.81 E-03 

2. WE-04 

1.80E-05 

2.22 E-04 

4.21 E-03 

5.29E-09 

1.86E-04 

RED 
WAR ROW 

8.08E-05 

2.4OE-03 

1.38 E-03 

3 43 E-03 

4.35E-05 

6.03E-08 

1.23E-03 

4.46E-06 

4.50 E-0 3 

3.13E-03 

2 71  F-04 

2 34 E -0 3 

9.48 E-04 

4.1 2 E-0 5 

0.0 

1.45E-04 

1.82E-03. 

0 .o 

4.14 E-0 3 

1.2 T E  -04 

5.84E-06 

1.60E-04 

3 - 6 1  E-0 3 

2 89 E-09 

6.02 E-0 5 

O V A R I  Es 

6.91E-05 

2 e 05E-03 

1.20E-03 

3 09E- 03 

5 88E-05 

5.37E-08 

1 IO€-03 

3.67E-66 

4.01 E-03 

2.83E- 03 

2 . 7 2 ~ - 0 4  

2.12E-03 

8.5TE-04 

3 90E-05 

0.0 

1.28E-04 

1.64E-03 

0.0 

3.59E- 03 

1.31E-04 

T.46E-Ob 

I .  42E-OS 

3.16E-03 

4.36E-09 

7. T O E - O ~  

P ANCQ E S 

6.5%-05 

1.91E-03 

1.09E-03 

2.79F-03 

4.50E-05 

5.07C-08 

9.76E-04 

3 49E-06 

3.65E-03 

2.55E-03 

2 38E-04 

1. 88E-03 

7. ~ ~ E - O Q  

3.55E-05 

0.0 

1. i rF-04 

1.45E-03 

0.0 

3.25E-03 

1.15E-04 

5.88E-06 

1 29E-04 

2.85E-03 

6.50E-09 

6. OTE -05 

SKELETON 

1.30E -04 

3.+OE-03 

1. T3E-03 

3.89E-03 

1. WE-04 

1.11E-0 T 

1.46E-03 

5.95E-06 

5.48E-03 

3.64E-03 

5.79E-04 

2.72E-03 

1.2TE-03 

8.25E-05 

0.0 

1.98E-04 

2.14E-03 

0.0 

4.89E-03 

2.94E-04 

1.85E-05 

2.26t-04 

4.35E-03 

1.43E-08 

1.91E-04 

N 
03 
h) 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIDUS ORGANS FOR IMMERSION I N  CONTAMINATE0 WATER 
IN S V / Y R  PER BO/(CUBIC CWI 

NUCLIDE 

Lu-177 

CU-1774 

H F - 1 8 1  

TA- I82  

Y - 1 8 1  

W-185 

W-187 

w-188 

RE-182 

uE-iem 
RE-183 

RE-184 

UE-lOWI 

RE-186 

RE-187 

RE-188 

05-185 

05-186 

Of-190M 

OS-191 

OS-191M 

OS-193 

IR-190 

! R-190M 

IR-190M 

HALF-L 1 FE 

6.71 D 

160.10 D 

42 .39  0 

116.74 0 

120.95 D 

75.1 0 

23.83 H 

6 9 . 4  0 

64.0 H 

12.7 H 

70 0 

38.0 D 

169 0 

90.64 n 

4.7E10 Y 

16.98 H 

93.6 0 

2.OE15 Y 

9.9 n 

15.4 0 

13.03 n 

30.0 H 

11.78 0 

1.2 H 

3.2 H 

SKI h' 

1.34E -04 

3.81E-03 

2.12E-03 

5 . 2 8 E 4 3  

1.52E-04 

I .  03E -0 7 

1.90E-03 

6.73€'-06 

1.03E-03 

4.90E-03 

5.91E-04 

3.66E-03 

1.55E-03 

7.9  ?E -0 5 

0.0 

2.30E-04 

2.84E-03 

0.0 

6 .24E-03 

Z.81E-04 

1.96E-05 

2.62E-04 

5.52E-03 

1.86E-06 

1. 81E-04 

SPLEEN 

7.81 E-05 

2 .23E-03 

1 2 5 F . 0 3  

3.14E-03 

6.35 E-0 5 

6 20E-08 

1 .I1 E-0 3 

4.03E-06 

4.16E-03 

.2.89E-03 

3 mO2E-04 

2 .13E-03 

8.92 E-04 

4.43E-05 

0.0 

1.36E-04 

1.65E-03 

0.0 

3 T O E - 0 3  

1 48E-04 

8 . m - 0 6  

1.51E-04 

3 25E-03 

2. SlE-09 

8. 44E-0 5 

STOMACH 

7 . 7 8 ~ - 0 5  

2.23E-03 

1 26E-03 

3.19E-03 

6 . 6 2 E 0 5  

6.16E-08 

1 13E-03 

4.02E-06 

4.ZOE-03 

2 94  E-03 

3 . 0 6 5 0 4  

2.18E-03 

9.04E-05 

4.44E-05 

0.0 

1 37E-06 

1.68E-03 

0.0 

3.74E-03 

1 49€704 

8.45E-06 

1 52E-04 

3.29E-03 

2 27E-09 

' 8.72E-05 

TESTES 

1.22E-04 

3 .42E-03 

1.88E-03 

4.60E-03 

1.33E-04 

9.69E-08 

1.66E-03 

6.05 E-06 

6.18E-03 

4.27E-03 

5 30E-04 

3.17E-03 

1.36E-03 

7.32E-05 

0.0 

2.OSE-04 

2.47E-03 

0.0 

5.48E-03 

2. S6E-04 

1 62 E-0 5 

2.33E-04 

4. 8SE-03 

.8.08E-08 

1.66 E-04 

T H Y M U S  

9.30E -0 5 

2.59E-03 

1.42E-03 

3.67E-03 

9.93E-05 

7.48E-0 8 

1 e28E-0 3 

4.58 E-06 

4.87E-03 

3.40E-03 

4.OZE-04 

2.5 1 E-03 

1 06E-0 3 

5.6 2 E-0 5 

0.0 

1 60 E-04 

1 92  E-0 3 

0.0 

4.17E-0,3 

1 9TE-04 

1 23 E-0 5 

1 77 E-04 

3 .7 IE -03  

9.5 1 E-1 2 

I .z I E - O ~  

THYR@ I D  

1.18E-04 

3.25E-03 

1 76E- 03 

4.39E-03 

1.28E-04 

9.62E-08 

1 . 5 6 E - a  

5.74E-06 

5.90E-03 

4 07 E-03 

5 13E-06 

3 0  03E-03 

1 30E-03 

7.20E-Q5 

0.0 

1 97E-06 

2.33E-03 

0 .0  

5.12E-03 

2.52E-W 

1 57E-05. 

2.21E-04 

4.55E- 03 

5.58E-09 

1 -63E-06 

UTEI(US 

6 . w x - 0 5  

1.98E-03 

1. lZE-03 

2 86E-03 

5 4 1C-0 5 

5.43E-08 

9.94E-04 

3.59E -06 . 

3.76E-03 

2 63E-03 

2.63E-04 

1.91E-03 

7.95E-04 

3.87E-05 

0.0 

1.2ZE-04 

1 48E-03 

0.0 

3.31E-03 

1 29E-05 

7.09E-06 

1.34E-04 

2 9 1 E -0 3 

2.45E-12 

7 3 2E-0 5 

TOTAL 
Boor 

9.5 1E-05 

2. 68E-03 

1.49E-03 

3.70E-03 

9.66E-05 

7.54E-08 

1.32E-03 

4.77E-06 

4.93E-03 

3 . m - 0 3  

4.0 1E-04 

2.54E-03 . 

1.08E-03 

5.6ZE-05 

0.0 

1.62E-04 

1.97E-03 

0.0 

4.36E-03 

1.94E-04 

1.19E-05 

1.83E-04 

3.85E-03 

1.llE-07 

1.22E-04 



PHOTON DOSE-RATE CbNVERSION FACTORS FOR V A R I O U S  ORGANS FOR I M M E R S I O N  I N  C O N T A Y I N A T E O  WATER 
IN SV/YR PER BQ/(CUBIC C Y )  

N U C L I D E  

1R-192 

IR-193M 

la-194 

IR-1944 

PT-I9 I 

PT-193 

PI-1934 

PT- 19 5M 

PT-197 

PT-197M 

AU-194 

AU-195 

AU-1954 

AU-196 

bU-198 

AV-199 

HG-197 

HG-197Y 

~ ~ - 2 0 3  

TL-200 

TL-20 1 

Tl-202 

TL-204 

TL-207 

TL-208 

H A L F - L l  F E  

74.02 D 

11.9 0 

19.15 H 

171 Q 

2.71 0 

50 Y 

4.33 0 

4.02 Q 

18.3 n 

94.4 M 

39.5 H 

183 0 

30.6 5 

6.183 0 

2.696 0 

3.139 0 

6*. i4 n 

23.8 n 

46.60 0 

26.1 H 

73.06 H 

12.23 0 

3.779 Y 

‘4.77 H 

3.053 H 

AOREY bl S 

2.08E-03 

6.36E-07 

2.34E-04 

5.95E-03 

6.72E-04 

1.08E -08 

2.03E-05 

1.41E-04 

5.18E-05 

1.03E-04 

2.79E-03 

1.62E-04 

4.97E-04 

1.17E-03 

1.02E-03 

2.20E-04 

I 34E -04 

2.14E-04 

5.77E-04 

3.35E-03 

1.93E-04 

1.15E-03 

2.17E-06 

5.72E-06 

9.53E-03 

BLAOOER 

1 e94E-03 

6.91E-07 

2 2 1 E - 0 4  

5.6SE-03 

6.60E-04 

1 95 E- 1 5 

2.22E-05 

1 49 E-04 

5.18E-05 

1.80E-04 

2.76 E-03 

I .  74F-04 

4.6lE-04 

1.lOE-03 

9.60E-04 

2 05 E-04 

1.44E-04 

2.07E-04 

5.33E-04 

3 26E-03 

1.99E-04 

1.09E-03 

2.33E-06 

5.55E-06 

9.72E-03 

B R A I N  

2.13E-03 

6.65E-07 

2 45 E-04 

6.26E-03 

7.02E-04 

8m64E-LO 

2 l6E-05 

1.47E-04 

5.32E-05 

1.88E-04 

3 07E-03 

I .71E-04 

4.94E-04 

1 20E-03 

1 06E-03 

2.18E-04 

1.42E-04 

2.16E-04 

Sm76E-OC 

3.64E-03 

2.00E-04 

1.20E-03 

2.30E-06 

6.2 SE-06 

1.08E-02 

BREAST 

2.72E-03 

2.2BE-06 

3.01 E-04 

7.57E-03 

1.05E-03 

8.49E-07 

4.64E-05 

3 .OZE-04  

9.67 E-05 

3 03 E-04 

3.66E-03 

3.54E-04 

7.11E-04 

1.63E-03 

1.32 E-03 

3.49E-04 

2.916-04 

3.70E-04 

8; 02 E-04 

4.31E-03 

3.84E-04 

1.57E-03 

4.71E-06 

6 98E-06 

1.23E-02 

HE ART 

1 89 E-03 

5.92 E-0 7 

2.17E-04 

5 5 1 E-0 3 

6.22E-04 

1 4 1 E - 0 9  

1 92 E-05 

1 -32E-04 

4.80E-05 

1 -68  E-0 4 

2.72E-03 

I 53 E-04 

4.46E-04 

1 06 E -0 3 

9.37E-0 4 

1.99 E-04 

I .  Z7E-04 

1 97E-04 

5.18E-04 

3.2OE-0 3 

1 8 1 E-04 

1 06 E-0 3 

2.06E-06 

5.4 8 E-06 

9 70 E-0 3 

SMALL 
INTEST I N E  

1.70E-03 

5.36E-07 

1.96E-04 

4.96E-03 

5.59E- 04 

1.82E- 11 

1.74E-05 

1.18E-04 

4.27E-05 

1.51E-04 

2.49E-03 

1.37E-04 

4 . O O E - 0 4  

9.56E-OC 

8.42E- 04 

1.76E-06 

1 1 4 E - 0 4  

1.73E-04 

4.64E-(W 

2 92E- 03 

l .6 lE-04 

9.SOE-04 

1.84E-06 

4.97E-06 

9.04E- 03 

UPPER 
LAPGE 

t NTESTIYE 

2.OlE-03 

6.37E-07 

2.30E-04 

5.85E-03 

b. 63E-04 

2.68E-11 

2.07E-05 

1 43F-04 

5.12E-05 

1. TBE-04 

2 89E-03 

1.65E-04 

4.72E-04 

1.13E-03 

9.92E-04 

2.12E-04 

1.36E-04 

2.105-04 

5.48E-04 

3.4OF-03 

I .  93F-04 

1. LZE-03 

2.21E-06 

5.83E-06 

I .  03E-02 

LOWER 
LARGE 

IWTESTINE 

1.87E-03 

5.69E-07 

2.14E-04 

5.41E-03 

6.07E-04 

4. 45E-09 

1. ~ - 0 5  

1.27E-04 

4.64E-05 

1.64E-04 

2.67E-03 

1.47E-04 

4.42E-04 

1.05E-03 

9.22E-04 

1.96E-04 

1.21E-04 

L.91E-04 

5. I3E-04 

3.14E-03 

1 74 E-04 

1.04E-03 

1.96E-06 

5.36 E-06 

9. S5E-03 

N 

%2 



PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAMINATE0 WATER 
IN SVIYR PER aai(cuaic CMV 

NUCLIDE 

1R-192 

I a- 1934 

IR- I94  

IR-194Y 

CT-191 

PT-I93 

PI-193Y 

PT-195Y 

Pf-197 

PT-197U 

AU-194 

AU-195 

AU-195M 

All-196 

AU-198 

AU-199 

HG-197 

HG- 19 7M 

WG-203 

TL-200 

TL-20 I 

TL-202 

TL-204 

TL-207 

TL-208 

HALF-L1 FE 

74.02 0 

11.9 0 

19.15 n 

171 0 

2.71 0 

50 Y 

4.33 0 

4.02 0 

18.3 H 

94.4 n 

39.5 H 

183 0 

30.6 S 

6.183 0 

2.696 0 

3.139 0 

64.14 H 

23.8 H 

46.60 0 

26.1 H 

T3.06 H 

12.23 0 

3.779 Y 

4.77 M 

3.053 M 

KIONEYS 

2.01E-03 

7.25E-07 

2.30E-04 

5.85E-03 

6.86E-04 

1 e 30E-1 I 

2.32E-05 

1.55E-04 

5.33E-05 

1.87E-04 

2.9 1 E - 0 3  

1.81E-04 

4.75E-04 

1.14E-03 

9.93E-04 

2 . 1 0 E d 4  

1.49E -04  

2 . l l E - 0 4  

5.50E-04 

3.41E-03 

2 05E -0I 

1.13E-03 

2.41E-06 

5r81E-06 

l.OJE-02 

L l  VER 

1.93E-03 

6.80E-07 

2.20E-04 

5.60E-03 

6.55E-04 

1.05E-10 

2.19E-05 

1.47E-04 

5.15E-05 

1.f8E-04 

2.76E-03 

1 72 E - 0 4  

4.59E-04 

1.10E-03 

.9.55 E-04 

2 05 E-04 

1.42E-04 

2.06E-04 

5 3 1 E-04 

3.25 E- 03 

I. 97E-01 

1. WE-03 

2 . 3 1 E-0 6 

5.52E-06 

9.77E-03 

LUNGS 

2.08E-03 

7.58E-07 

2.36E-04 

6.02E-03 

7 .  IO€-04 

8.5 7E-09 

2.42E-05 

1.C3E-04 

5.66E-05 

1 .94€-04 

2.94E-03 

1.90E-04 

4.976-04 

1.19E-03 

1.03E-03 

2.24E-04 

1.57E-04 

2.2bE-04 

5.75E-04 

3.47E-03 

2.176-04 

1 17E-03 

2.54E-06 

5.88E-06 

I. OZE-02 

HARROW 

2. 54E-03 

I .  34E-06 

2.78 E-04 

1-01 E-03 

9.76E-04 

5.15E-09 

4.27E-0 5 

2.83E-04 

9.22.E-05 

2.82E-04 

3.30E-03 

3 . 3 3 5 0 4  

6.69E-04 

1 52 E-03 

1.23 E-03 

3.36E-04 

2.75E-04 

3.55 E-04 

7.55 E-04 

3 92E-0 3 

3.66E-04 

I .46E-03 

4.47E-06 

6.34E-0 6 

1.07E-02 

PED 
WAF.ROW 

2.13 E-03 

4.46E-07 

2.42E-04 

6.15E-03 

6.33E-04 

2.81E-09 

1.47E-05 

1.ObE-04 

4.34 E-0 5 

1.67E-04 

2.95E-03 

1.2OE-04 

4.94E-04 

1.17E-03 

I .  Ob€ -0 3 

2 0 SE -04 

9.9 2 E-0 5 

1.89E-04 

5i.80E-04 

3.476-03 

1. %E-04 

1.15E-03 

1.60E-0 6 

5.96 E-06 

l .OSE-02  

O V A R I  ES 

1.BOE-03 

5.58E-07 

2.07E-04 

5.34E-03 

5.93E-04 

4.25E-09 

1.79E-05 

1.22E-04 

4.34E-05 

1.57E-04 

2.56E-03 

I e42E-04 

4.10E-04 

1. OlE- 03 

9.0LE-04 

1. 77E-04 

1; 17E-04 

1.76E-04 

4.79E-04 

3.07E-03 

lm64E-04 

1.02 E- 03 

1.89E-06 

5.36E-06 

8.8OE-03 

PA NC 4 E A S 

1.66E-03 

4.48E-07 

I. WE-04 

4. B2E-03 

5.23E-04 

6.33E-09 

I .  44E-05 

I . 01E-04 

3.83E-05 

1.4OE-04 

2.37E-03 

I .  16E-04 

3.B9E-04 

9.25E-04 

8.23E -04 

1 68E-04 

9.60E-05 

I .  6 L E-04 

4.54E-04 

2. WE-03 

1.41E-04 

9.15E-04 

I .  55E-06 

4.76E-06 

8.55E-03 

SKELETON 

2.58E-03 

I. 38E-06 

2.83E-04 

7.13E-03 

9.96E-04 

1.39E-08 

4.38E-05 

2.90E-04 

9.46E-05 

2.88E-04 

3.36E-03 

3.42E-04 

6.83E-04 

1.55E-03 

1.25E-03 

3.44E-04 

2.83E-04 

3.64E-04 

7.70E-04 

3.99E-03 

3.76E-04 

1 49 E-03 

4.59E-06 

6.45E-06 

1.09E-02 



PMOTOY OOSE-RATE CONVERSION FACTORS FOU V A R l W S  ORG4NS FOR IMMERSION 1N CONTAWIN4lEO MATER 
' 

I N  SVIYR PER BQI(CU81C CUI  

NUCL 1 OE 

IR-192 

lR-193Y 

In-194 

1 R-194rl 

P I - 1 9 1  

PI-193 

PT- 19 3 Y 

PT-195Y 

PI-19T 

PI-197Y 

AU-194 

AU-195 

AU-19SY 

au-196 

AU-198 

au-199 

HG-197 

HG-197M 

HG-203 

TL-200 

VL-20 1 

TL-202 

TL-204 

TL-207 

TL-208 

HALF-L I FE 

14.02 o 
11.9 0 

19.15 'H 

171  D 

2.71 0 

50 Y 

4.33 e 
4.02 0 

18.3 H 

94.4 Y 

39.5 H 

183 D 

30.6 S 

6.183 D 

2.696 0 

3.139 0 

64.14 H 

23.'8 H 

46.60 0 

26.1 H 

73.06 H 

12.23 0 

3.119 Y 

4.17 M 

3.053 M 

S K I  N 

3.38E-03 

3 . l l E d 6  

3.6OE-b4 

9.22E-03 

1-13E-03 

1 a 8  I F 4 6  

4.34E-05 

2 . r s ~ - 0 4  

9.17E-05 

3.14E-04 

6.43E-03 

3.24E-04 

7.62E-04 

1.83E-03 

1.57E -03 

3.42E-04 

2.66E-04 

3.55E-04 

8.74E-04 

5 29E-0 3 

3 .56EQ4 

1 82E-03 

4.30E-06 

9.00E-06 

1.49E-02 

SPLEEN 

1 e'90E-03 

6 .  i 3 ~ - o r  

Z.16E-04 

5.48E-03 

6.27E-04 

2 44F-09 

1.98E-05 

1 36F-04 

4.89E-05 

1.70E-04 

2.61~-03 

1.58E-04 

4.52E-04 

1.07E-03 

9 3 7 E-04 

2.02E-04 

1.30E-04 

2 OOE-04 

5.24E-04 

3.15E-03 

1. ME-04  

1 06E-03 

2 . 11 E-06 

5 35 E-06 

9.38E-03 

STOM4CH 

1 91 E-03 

6 31E-07 

2. L T E - O ~  

5 53E-03 

6 -35 E-04 

2.21E-09 

2.04E-05 

1 39E-OI 

4.94E-05 

1. 1 z - 0 4  

z . ~ O E - O ~  

1 61E-04 

4.51E-04 

1.08E-03 

9.42E-04 

2 01E-04 

1.33E-04 

2 -00E-04 

5 23E-Ob 

3.19E-03 

1.8TE-04 

1. orE-03 

Z 16E-06 

5.45E-06 

9 6 4  E-03 

TESTES. 

2.81E-03 

1 26 E-06 

3.17E-0* 

8.OBE-03 

1.00E-03 

7.87 E-08 

3. TtE-05 

2.5OE-04 

8.30E-05 

2. 1 9 ~ - 0 4  

3 90 E-03 

2.93E-04 

6 84E-04 

1.63E-03 

1 e 38E-03 

3.14E-04 

2 - 4 1  E-04 

3.24E-04 

7.85E-04 

4.63 E-03 

3.25E-04 

1.6OE-03 

3. WE-06 

7.78E06 

1.34E-02 

TMYMUS 

2 13 E-03 

9.10E-07 

2.45 E-04 

6.17E-03 

7.66E-04 

1.8 I E- I  2 

2091E-05 

1.92E-04 

6.44E-0 5 

2.12E-04 

3.05 E-0 3 

2 26 E-04 

5.19E-04 

1 2 3 E-0 3 

1 O4E-O 3 

2-62 € 4 4  

1. ~ T E - O ~  

2.5OE-04 

5.95E-04 

3.63E-O 3 

2.5 2E-b4 

1 2 1 E-03 

3.03E-06 

6.21E-06 

1 OS€-02 

THYRO I O  

2.63E-03 

1.16E-06 

2.99E-04 

7.5SE-03 

9.55E-01 

5.42E-00 

3.7lE-05 

2.46E-04 

8.18E-05 

2.67E-04 

3.66E-03 

t.89E-04 

6 5 IE-04  

1 53E-03 

1 29E-03 

3.08E-OI 

2.38E-04 

3.19E-01 

7.44E-04 

4.38E-03 

3.21E-04 

1. SO€- 03 

3.86E-W 

1 . 4 3 ~ 0 6  

1.22E-02 

UTERUS 

1. TOE-03 

S.31E-07 

1 94E-04 

4.90E-0 3 

5 56E-04 

7.91E-13 

1.13E-05 

1.18E-04 

4.31E-05 

1.51E-04 

2.45E-03 

1.37E-04 

4.03E-04 

9.56E-04 

8.38F-04 

1 .'79€-06 

I. 14E-04 

1.76E-04 

4 67E-04 

2.85iE-03 

1.62E-04 

9.45E-04 

1.8SE-06 

4e80E-06 

8 .  1 5 ~ - 0 3  

TOTAL 
eoor 

2.23E-03 

9. 80E-07 

2.53E-04 

6.44E-03 

7.8OE-04 

1.08E-07 

2.80E-05 

1.81E-04 

6. 33E-05 

2.15E-04 

3.13E-03 

2.19E-04 

5.38E-04 

1.28E-03 

1.lOE-03 

2.45E-04 

1.80E-04 

2.50E-04 

6.20E-04 

3.7lE-03 

2.45E-04 

1.27E-03 

2091E-06 

6.26E-06 

1.08E-02 



PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAMINATE0 UATER 
I N  SV/VR PER BQ/(CUBlC C M  

NUCL POE 

TL-209 

TL-210 

P8-203 

P8-204Y 

P8-205 

P8-209. 

P8-210 

pa-21 1 

pa-21 2 

P9-21* 

Rl-206'  

91-207 

91-208 

81-210 

9 1-21 1 

BI-212 

81-213 

01-214 

PO-209 

Po-210 

PO-2 1 1 

PO-212 

p@-2 13 

PO-214 

PO-2 15 

HALF-LIFE 

2.20 M 

1.30 4 

52.02 H 

66.9 Y 

1.51E7 Y 

3.253 H 

22.26 Y 

36e.1 M 

10.643 H 

t6.'8 4 

6.243 0 

33.4 Y 

3.68E5 Y 

5.013 0 

2.13 M 

60.55 M 

45.65 M 

19.9 Y 

8 i o 2  v 

138.378 0 

00516 S 

2.98E-7 S 

4.2E-6 S 

1.637E-4 5 

1. 778E-3 .S 

AOREN AL S 

5.44E -03 

T.35E-03 

7.36E-04 

5.46EQ3 

I .  w-0~ 

0.0 

2.21E-06 

1.31E-04 

3.63EQ4 

6.25E-04 

8.52E -03 

3.97E-03 

7. 66E -03 

0.0 

1.20E-04 

4. 7 t E  -04 

3.51E-04 

3.99E-0 3 

8.91E-06 

2.23E-08 

2.02E-05 

0.0 

7.96E-08 

2 .18EdT 

3. t7E-07 

BLAOOER 

5 42 E-0 3 

T -27  E-03 

6.97E-04 

5.27E-03 

7.01 E- 15 

0.0 

2.88 E-06 

1 2 5E-04 

3.4OE-04 

5 84E-04 

8.33E-03 

3.87E-03 

7.94E-03 

0;o 

1.12E-04 

4. b8E-04 

3 32 E-04 

3.98E-03 

8.56EA06 

2.15E-08 

1 . 9 5 E 0 5  

0.0 

7.67E-08 

2 10E-07 

30 54E-07 

BRAIN 

6.06E-03 

8.14E-03 

7.44E-04 

5 90E-03 

1.23E-09 

0 .o 

2 O7E-Ob 

1 4OE-04 

3.62E-04 

6.36E-04 

9 32E-03 

4.33 E-03 

8.78 E-03 

0.0 

1 22E-04 

5 25E-04 

3.67E-04 

6o47E-03 

9.4TE-Ot 

2.42E-08 

2.18E-05 

0.0 

8.62E-08 

2 3 TE-07 

3.92E-0 7 

BREAST 

60 99E-03 

9.26E-03 

1.10E-03 

6. 75E-03 

1.10E-06 

0.0 

8 . 4 i ~ - o 6  

10 64 E-04 

5.4TE-06 

8. S3E-04 

1.OBE-02 

5.01 E-0% 

1.00E-02 

0.0 

1.60E-04 

5.93E-04 

4.53E-04 

5.OlE-03 

1.1TE-05 

20 72E-08 

2.49E-05 

0.0 

9.74E-08 

2o6TE-07 

40 81E-07 

HE ART 

5.3 5 E-0 3 

7.21 E-03 

6.68E-04 

5.19E-03 

2 00 E-0 9 

0.0 

1.86E-06 

1.23E-04 

3 e27 E-04 

5.68E-04 

8.20E-03 

3.81E-03 

7.95E-03 

0 .o 

1.08E-04 

4.62E-04 

3 2 4E-04 

3 9%-0 3 

8.38E-06 

2.12E-8 

1.92E-05 

0.0 

7.56E-OB 

2007E-07 

3 46 E-0 7 

SWAL I 
INTEST IN€ 

4.92E-03 

6 61 E- 03 

5 0  98E-M 

4. TOE-03 

3.14E- 11 

0.0 

1.88E-06 

1.11E-05 

2.92E-04 

5.09E-04 

7 .47E-03 

3.46E-03 

7 *6E-03 

0.0 - 
9.74E-05 

4021E-04 

2.91E-04 

3.63E-03 

7.57E-ob 

1.92E-08 

1 73E205 

0.0 

6.83E-08 

1. 88E-07 

3.11E-07 

VDER 
L49GE 

INTESTINE 

5. TOE-03 

7 66E-03 

7 .  08F-04 

5.52E-03 

2.66E-11 

0.0 

2.34E-06 

1 31E-04 

3.47E-04 

6.OlE-04 

8.72E-03 

4.05E-03 

8.4QE-03 

0.0 

I 15E-04 

4.91E-04 

3 43E-04 

4. ?OF-03 

8.91€-06 

2 26E-08 

2 04E-05 

0.0 

8.04E-08 

2.2lE-01 

3.67t-07 

COYER 
. LARGE 

IYTESTINE 

5.2 5E-03 

I. O7E-03 

6i57E-04 

5.08E-03 

6.30E-09 

0.0 

L.95E-06 

1.21E-04 

3 23E-04 

5.6OE-04 

8 0 3E -03 

3.73E-03 . 
7.83E-03 

0.0 

1.07E-04 

4.52E-04 

3.18E-04 

3.87E-03 

8.22E-06 

2.OTE-08 

1.87E-05 

0.0 

7.39E-08 

2.03E-07 

3.40E-07 



PUOTfJN OOSE-RATE CONVEQSION FACTORS FOR V A R I O U S  ORGANS FOR IMMERSION I N  C O N T A Y I N A T E O  WATEQ 
I Y  S V I Y R  PER BO/(CUBIC CMI  

NUCL I DE 

TL-209 

rL-210 

P8-203 

P8-204M 

P8-205 

PB-209 

P8-210 

P8-21 1 

00-212 

09-214 

81-206 

e i - ~ o r  

81-208 

8 1-210 

81-21 I 

81-212 

8 I -21 3 

81-214 

PO-209 

PO-210. 

PO-21 1 

PO-21 2 

PO-213 

PO-214 

PO-2 I5 

HALF-LI FE 

2.20 Y 

1 .30  Y 

52.02  H 

6 6 . 9  M 

1.51E7 Y 

3 .253 H 

22.26  Y 

36.1 M 

10.643 H 

26.8 M 

6 .243  0 

33 .4  Y 

3.68E5 Y 

5.013 0 

2 . 1 3  M 

60.55 H 

45.65 Y 

19.9  M 

102 Y 

138.378 o 

0.516 5 

2 . 9 8 ~ - r  s 
4.2E-6 5 

i . a r ~ - +  s 
i . r r 8 ~ - 3  s 

KIONEYS 

5.69E 4 3  

r . 6 8 ~ - 0 3  

? e  1 9 E 4 4  

5.51E-03 

2.45E-I 1 

0.0 

3.4OE-06 

1.31E-04 

3.50E-04 

6.04E -04 

8.72E-03 

4 .05E-03 

8.60E-03 

0.0 

I .15E-04  

4 .91E-04 

3.43E-04 

L . t O E 4 3  

8.92E -0 6 

2.25E-08 

2.03E d 5 

0.0 

8.02E-08 

2.20E-07 

3 . 6 1 ~  -0 r 

L I V E R  

5.4lE-03 

7 .  Z~E-03 

6.93E-04 

5.24E-03 

1.73E-10 

0.0 

2.57E-06 

1.25E-04 

3 3 8  E-04 

5.8lE-04 

8.29E-03 

3.85E-03 

8.00E-03 

0.0 

1.11E-04 

4.66E-04 

3 30E-04 

3 98E-03 

8.51E-06 

2. I4E-08 

1.93E-05 

0 . 0  

I 62E-0 8 

2.09E-07 

3 0 52 E-OT 

LUNG S 

5.74E-03 

r .  7 i ~ - o 3  

7.53E-04 

5 59E-03 

1 .ZOE-08 

0 .O 

2 8IE-06 

1.34E-04 

3 68E-04 

6.28E-04 

8.84E-03 

4.11E-03 

8.35E-03 

0.0 

I 20E-04 

4.95E-04 

3 55 E-04 

4 .2  1E-03 

9.13E-06 

2 .  28E-08 

2 . 0 7 ~ - 0 5  

0.0 

8.14E-08 

2.23E-07 

3 . r 9 ~ - 0 7  

RADR@W 

6.27E-03 

8.29E-03 

1.04E-03 

6.15E-03 

7.64E-09 

0.0 

5.16E-06 

1.51 E-04 

5.19E-04 

7.99E-04 

9 .  r 6 ~ - 0 3  

4.55E-03 

8.58E-03 

0.0 

1.50E-04 

5.34E-04 

5.21E-04 

4.46 E-03 

1.08E-05 

2.48E-08 

2.  2 r ~ - o 5  

0.0 

8.89E-08 

2 . 4 3 ~ 0 1  

4.47E-07 

9 ED 
MAPROW 

5.76E-03 

r . 8 2 ~ - 0 3  

7 . l l E - 0 4  

5 6 8 E-Q 3 

3 . 9 w - 0 9  

0.0 

1 3 1 E-06 

1.3 &E-0 4 

3.50 E-04 

6.32E-04 

8.90 E-0 3 

4.1 ZE-0 3 

8 5 2 E-03 

0.0 

1.22 E-04 

5.02E-04 

3 6 1 E-04 

4 2 7 E-0 3 

9e07E-06 

2.32E-08 

Z.10E-05 

0.0 

8.2 BE-08 

2. 2 I E - O ~  

3.9 0 E-0 7 

O V A 9 1  ES 

5.0%-03 

6 82E-03 

e. 18E-o+ 

5.05E-03 

5.97E-09 

0.0 

2.08E-06 

1.20E-04 

2 98E-04 

5.34E-04 

~ . Q o E - ~  

3.69E-03 

f . O M -  03 

0.0 

1 03E-04 

4.45E-04 

3.12E-01 

~ . T * E - o ~  

8 03E-06 

2 .  W E -  08 

1 .  e t € -  05 

0 .0  

7 4 lE-08 

2 03E- 07 

3.34E-07 

e ANCQE A S  

4.67E-03 

6.30E-03. 

5. TZE-OQ 

4.52E-03 

8. TEE-09 

0.0 

1 47E-06 

1.07E-04 

2.81F-04 

4.96E -04 

7.13F-03 

3.316-03 

7.01 E-03 

0 . 0  

9.52E-05 

4.02E-04 

2 .  83E-04 

3.45E-03 

7.25E-06 

1.84E-08 

1.67E-05 

0 .0  

6.57E-08 

1.80E-01 

3.04E-0 7 

SKEL €TON 

6.38E-03 

8.43E-03 

1.06E-03 

6.26E-03 

1.95F-08 

0.0 

5.30E-06 

I. 53E-04 

5.31E-04 

8.14E-04 

9.92E-03 

4.63E-03 

8.fZE-03 

0.0 

1.5 ZE-04 

5.43E-04 

4.28E-04 

4.53E-03 

1. LO€-05 

2.53E-08 

2.31€-05 

0.0 

9.04E-08 

z . + r ~ - o r  
4.55E-07 



PHOTOV DOSE-RATE CONVERSION FACTOPS FOR VARIOUS ORGANS FOR IMMERSION IN CONTA!4INAlEQ WATER 
IN S V l Y R  PER BO/(CUB!C C U I  

NUCL1.DE 

TL-209 

?L-ZlO 

PB-203 

p n - 2 0 4 ~  

PB-20 5 

PB-209 

OB-210 

09-21 1 

pa-212 

PR-214 

81-206 

E!-207 

81-208 

81-210 

01-211 

01-212 

61-213 

81-214 

PO-209 

PO-2 10 

PC-211 

PO-212 

PO-213 

PO-214 

PO-21 5 

+iaL+LI FE 

2 . 2 0  M 

1.30 Y 

52.02 ti 

66 .9  M 

1.51E7 Y 

3.253 H 

22.26 V 

36.1 M 

10.643 ti 

26.8 Y 

6.243 0 

33 .4  7 

3.68E5 V 

5.013 Q 

2.13 W 

60.55 M 

45.65 Y 

19 .9  M 

102 Y 

138.378 Q 

0.516 S 

2.98E-7 S 

4.2E-6 S 

i . 6 3 n - 4  s 
i . ~ r 8 ~ - 3  s 

S K I N  

8.62E-03 

1 . 1 6 E d 2  

1.17E-03 

8.55E-03 

2.30E-0 6 

0.0 

9.52E-06 

2.05E-04 

5.65E-04 

9.61E-04 

1 -35E-02 

6.28E-03 

1.20E-02 

0 . 0  

1.83E-04 

7.5 3 E  -04 

5.43E-04 

6r31E-03 . .  
1.40E-O 5 

3.5OE-08 

3. L E 4 5  

0.0 

1.25E-07 

3.43E-0 7 

5 . 8 0 ~ 0 r  

S PL EEN 

5.245-03 

7.02E-03 

6 .r6~-04 

5.09E-03 

3.53E-09 

0.0 

2 l lF -06  

1 2 1E-04 

3.32E-04 

5.71E-04 

8.03E-03 

3.73E-03 

7.65E-03 

0.0 

1.09E-04 

4.51E-04 . .  
3 .23f -04  . .  
3 84E-03 

8.27E-06 

2.07E-08 

1.88E-0s 

0.0 

7 . 4 O E -  08 

2 . 0 3 ~ - 0 r  

3.45E-07 

STOMACH 

5.28E-03 

7.14E-03 

6.78E-04 

5.18E-03 

3 23E-09 

0 .0  

2.27E-Ob 

1.23E-04 

3 32E-04 

5 73 E-04 

8.16 E-03 

3 . r 9 ~ - 0 3  

7.88E-03 

0 .o 

1 09E-04 

4 5 BE-04 

3.25€-,04 

3.90E-03 

8 -39E-06 

2.1lE-08 

1.91E-05 

0.0 

7 e54E-08 

2.07E-07 

3 48E-07 

TESTES 

7.57E-03 

1 . O l E - 0 2  

1. Q5E-03 

7.42E-03 

1 .08E-07 

0.0 

5.65E-06 

1.78E-04 

5.12E-04 

8 56 E-04 

1.17E-02 

5 . 4 r ~ - 0 3  

1. 08E-02 

0.0 

1 63 E-04 

6.54E-04 

4.78.E-04 

5.52E-03 

1.23E-OS 

3.03E-08 

2.75E-05 

0.0 

1.08E-07 

2.96E-07 

5.lOE-07 

TtiYuus 

5.95 E-0 3 

8.00E-03 

7 e 9 9  E-04 

5.8 7 E -a 3 

3.84E-12 

0.0 

3.79E-06 

I 39E-04 

3.9 1 E - 0 4  

6 .49 E -0 4 

9.23E-0 3 

4.31.E-03 

8.5 2 E-0 3 

0.0 . 

1.23E-04 

5.16E-04 

3.62 E-04 

4.37E-03 

9 . 6 5 E 4 6  

2.39.E-08 

2.16E-0 5 

0.0 

8.53 E-08 

2.34E-07 

3.84E-07 

THYROID 

T e l l € - 0 3  

9.51E-03 

1.00E-03 

7.06E-03 

8.10E-09 

0.0 

4.95E-06 

1 .68E-W 

4.93E-W 

8.07E-OC 

1.11E-02 

5.17E-03 

9.83E-03 

0.0 

1 52E-(# 

6.1TE-04 

4.45E-04 

5.17E- 03 

1 L7E-05 

2 .,80E- 08 

2.60E-05 

0.0 

1 .03E- 07 . .  
2.81E-07 

4 72E- 07 

UTER us 
4.82E-03 

6.44E-03 

6.OlE-04 

4.57E-03 

1 . O l E - l Z  

0.0 

1. 74E-06 

1.09E-04 

2.95E-04 

5.1OE-04 

7.28E-03 

3 . 3  E - 0 3  

7.20E-03 

0.0  

9.75E-05 

4. LO€-04 

2.89E-04 

3.54E-03 

7.+1€-06 

1 86E-08 

1.68E-05 

0.0 

6 63E-0 8 

1.82E-07 

3r09E-07 

TOTLC 
BODY 

6. LO€-03 

8. LEE-03 

8.2OF-04 

5.96E-03 

1.45E-07 

0.0 

4.02E-06 

1.C3E-04 

4.0 LE-04 

6.77E-04 

9.42E-03 

4.396-03 

8.80E-03 

0.0 

1.29E-04 

5.2TE-04 

3.80E-04 

4.47E-03 

9. 79E-06 

2.43E-08 

2.20E-05 

0.0 

8.68E-06 

2.38E-07 

4. O ~ E - O ~  



o)(c)TW4 OPSE-RATE CONVERSION FACTORS FOR VAUIOUS ORGANS FOR IMMERSION I N  CONTAMINATE0 WATER 
IN SVfVa PEP BO/ICU6IC CWr - 

NUCL IO€ 

PO-216 

PC-218 

AT-21 I 

AT-21T 

R+2!.6 

w - 2 ~ 9  

Q#-220 

w - 2 2  2 

Fa-221 

FR-223 

P A-222 

96-223 

QA-224 

P A-225 

QA-226 

RA-228 

AC-22 5 

AC-22T 

AC-228 

TH-226 

TH-221 

TH-22s 

TU-229 

TU-230 

TH-23 1 

HALF-L I FE 

0.146 S 

3.05 Y 

7.214 H 

0.0323 S 

0.035 S 

3.96 5 

55.61 S 

3.8235 0 

4.8 M 

21.8 Y 

38.0 5 

11.434 0 

3.62 0 

14.8 0 

1600 Y 

5.75 Y 

10.0 0 

1.773 Y 

6.13 H 

30.9 H 

8.118 0 

1.9132 Y 

T.34E3 Y 

T.TE4 Y 

25.52 H 

AbRENhL s 
3.80E-08 

0.0 

8.19E-05 

6.OTE-OT 

1.93E-06 

1.45E-04 

1.33E-06 

9.85E-01 

r . m - 0 5  

1.04E-04 

2.34E-05 

3.26E-04 

2.54E-05 

1.03E-0 5 

1.69E-05 

1.56E-14 

3.19E-05 

2.86E-07 

2.41E-03 

1.89E-05 

2.59E-04 

4.56E-06 

2.OLE-04 

8.03E -0 7 

2.46E-05 

BLAOOER 

3-66 E-08 

0.0 

8.41E-05 

5.79E-OT 

I 84 F-06 

1.35s-04 

1.26E-06 

9.35E-01 

T.14E-05 

I 05 E-04 

2.16E-05 

3-09E-04 

2.33E-05 

L-52E- 05 

1.56E-05 

2.81E-21 

3.05E-05 

2. 67E-O? 

2.35E-03 

I 78 E-05 

2.41E-04 

4.39E-06 

1.94E-04 

8.13E-OT 

2.4b E-05 

BPAIN 

4. L2E-08 

0.0 

8.59E-05 

6 48E-OT 

2 06E-06 

I .47E-O4 

l . * lE -06  

1 04E-06 

7.62E-05 

I 06 E-04 

2.36E-05 

3 30E-04 

2. SO€-05 

8.52E-06 

I -66E-05 

L.24E-15 

3.21 E-05 

2.84E-07 

2-63E-03 

I -88E-05 

2.58E-04 

4.60E-06 

2 03E-04 

8. LTE-OT 

2.47E-05 

BREAST 

4.64E-08 

0.0 

1.62 E-04 

T . 5 5 E - 0 1  

2.4OE-06 

1 95 E-04 

1.66E-06 

1.24E-06 

1 13 E-04 

1 94E-04 

3.12E-05 

5.08 E-04 

3. SEE-05 

4.22E-05 

2.55E-05 

1.22E- 12 

5. WE-05 

5.90E-07 

3.01E-03 

3.13E-05 

3. T9E-04 

8.56E-06 

3.61 E-04 

2.20E-06 

5.91E-05 

nE ART 

3.61 E-0 8 

0.0 

I .  75 E - 0  5 

5.68 E-0 T 

1.81 E-06 

1.31E-04 

1.24 E-0 6 

9.14E-0 T 

6.93 E-0 5 

9.52E-05 

2.11 E-05 

2.97E-0 4 

2 .2C E-0 5 

7.85 E-06 

1.52 E-05 

2.03E-15 

2.93E-05 

2.62E-01 

2.32E-03 

I .  73E-05 

2.33E-04 

4.19E-06 

1.8 5 E-04 

1.36 E-0 7 

2.256-05 

SYAL L 
INTESTINE 

3.2TE-08 

0.0 

6. 63E- O f  

5. LLE-OT 

1.6 3E-06 

1.18E-00 

1 . l lE -06  

8.22E-07 

6.19E-05 

8.61E-05 

1.89E- 05 

2.64F-O4 

2 . 0 3 6  05 

8. 67E-06 

1 34E-05 

2.62E- 1'1 

2.57E-05 

2.26E- 01 

2.1lE-03 

1 51E-05 

2.08E-04 

3 69E-06 

I 62E-06 

6.57E- 07 

1.98E-05 

UPPER 
LARGE 

I N T E S T I Y E  

3.846-06 

0.0 

8.28E-05 

6.03E-07 

I .  92E-06 

I 39E-04 

1 31-06 

9. IO€-01 

7.35E-05 

1 03E-06 

2.23E-05 

3.16E-04 

2.4OE-05 

1.17E-05 

1.6 IE-05 

3.85E-1 T 

3.14E-05 

2.8 LE-OT 

2.4TE-03 

1.85E-05 

2.47E-04 

4.46s-06 

1.98E-04 

7.85E-01 

2.49E-05 

LOWER 
LARGE 

INTESTINE 

3.53E-08 

0.0 

7.39E-05 

5.56E-OT 

I .  T7E-06 

I. 3 OE-04 

I.21E-06 

8.96E-07 

6.88E-05 

9.36E-05 

2.09E-05 

2.91F-04 

2.25E-05 

8.96E-06 

1.50E-05 

6.40E-15 

2.85E-05 

2.55E-07 

2.27E-03 

1.69E-05 

2.315-04 

4.0TE-06 

1.79E-04 

T.  1 LE-01 

2.19E-05 

ru 
rt) 
0 



PHCJTON OUSE-RATE CONVERSION FACTORS FOR VARIOUS .OPGANS FOR IMMERSION I N  CONTAMINATE0 WATER 
1 Y  5 V / Y R  PER BQ/(CUBIC C C I  

NUCllOE 

P@-2 16 

P@-2 1 8 

at-21 1 

AT-21 1 

QW-218 

QW-219 

QN-220 

Q N-22 2 

FR-22 1 

+Q-22 3 

PA-222 

QA-223 

QA-224 

R 8-225 

Rl-226 

96-228 

At-225 

AC-22r 

&C-22 8 

~ ~ - 2 2 6  

TH-22.7 

TH-228 

TH-229 

T H-23 0 

TH-23 1 

HALF-LIFE 

0.146 5 

3.05 M 

7.214 H 

0.0323 S 

0.035 S 

3.96 S 

55.61 S 

3.8235 Q 

4.8 n 

21.8 M 

-38.0 s 
11.-434 0 

3.62 0 

14.8 0 

1600 Y 

5.15 Y 

10.0 0 

21.713 Y 

t.13 H 

30.9 M 

18.118 0 

1.9132 Y 

7.34E3 Y 

1.7E4 Y 

25.52 I4 

KIONEVS 

3.83E-08 

0.0 

8.62E-05 

t. 03E-0 1 

L.92E-06 

1 39E-04 

1.31E-06 

9.7OE-01 

1.34E-05 

1. 12E-04 

2.23E-05 

3.1TE-04 

2.40E-05 

1.96E-05 

'1.59E-05 

1.81E-17 

3.12E-05 

2. T l E - 0 1  

2.46E-03 

1.81E-05 

2.49E-04 

4.49E-O 6 

1.99E-04 

8.43E-01 

2.59E-05 

L I V E R  

3 64E-08 

0.0 

8.3tE-05 

5. T6E-01 

1 83E-06 

1 34E-04 

1 26E-06 

9.30E-07 

7. LlF-05 

1.04E-04 

2.1SE-05 

3.08E-04 

2.32E-05 

1 23€-05 

1 55E-05 

1. 5 1  E-1 6 

3.04E-05 

2 . 6 6 ~ 0  r 
2 34E-03 

1. TTF-05  

2 40 E-04 

4.38E-06 

1.93E-04 

8.06E-01 

2.42E-05 

LUNGS 

3 89E-08 

0.0 

9.22E-05 

6.1TE-07 

L.96E-06 

1.45E-04 

1.35E-06 

9.98E-07 

1.74E-05 

1 14E-04 

2.33E-05 

3.36E-04 

2 52E-05 

1 37E-05 

1 e70E-05 

1- 23E-14 

3.35E-05 

2. WE-01 

2 .49E-a  

1.95E-05 

2.60E-04 

4.,82E-06 

2.13E-04 

8 9 T E -  07 

2 e 72E-05 

MARROW 

4.23E-08 

0.0 

1.56E-04 

6.9C E-0 7 

2.21E-06 

1. 83E-04 

1.54E-06 

1.15 E-06 

1.01E-04 

1. 72E-04 

2.92E-05 

4.85 E-04 

3.38E-05 

Z.43E-05 

2!.44E-05 

1 . 4 0 6  15 

5.27E-05 

4.15 €-or 

2.13E-03 

2.97E-05 

3.52E-04 

7.60E-06 

3.43 E-04 

1 49E-06 

4.60E-OS 

R E O  
HAP ROW 

3.95E-08 

0.0 

6.46E-0 5 

0 - 3 O E - O  7 

2 - 0 1  E -0 6 

1.48E-04 

1.38E-06 

1.OZE-00 

7.62 E-0 5 

9.11E-05 

2.39 E-0 5 

3.06E-04 

2 56 E-0 5 

5.71 E-06 

1.63E-05 

4.04E-1'5 

2.8 2E-0 5 

2 5 1 E-0 7 

2 52 E-0 3 

1.13E-05 

2.5bE-04 

4.00 €-0 6 

lmT3E-04 

6.61 E-07 

1.94 E-05 

O V A R l  ES 

3.54E-08 

0 .0  

1.01€-05 

5.57 E- or 

1 18E-06 

1.23E-04 

1.21 E- 06 

8.93E-07 

6.26E-05 

9.04E-05 

1.98E-05 

2.7ZE-04 

2 06E-05 

9.95E- 06 

1.35E-05 

6.10E- 15 

2.61 E - 0 5  

2e30E-01 

2.24E-03 

1 54 E- 05 

2. L4E-04 

3.15E-06 

1.65E-04 

6 78E-07 

2. WE-05 

PANCREAS 

3.14F-08 

0.0 

5.99E-05 

4.966-07 

1.58E-06 

1.15E-04 

1.08E-06 

8.00E-07 

6.03E-05 

r . 8 6 ~ - 0 5  

1.86E-05 

2.SlE-06 

1 98E-05 

6.61€-06 

1.3 LE-05 

9. LO€-15 

2.41 E-05 

2.15E-01 

2.02E-03 

1.44E -05 

2 03E-04 

3 43E-06 

1 50E-04 

5.86E-01 

1.79E -05 

SKEL €TON 

4.30 E - 0  8 

0.0 

1.6lE-04 

7.OTE-07 

2.24E-06 

1.86E -04 

1.56E-06 

1. LIE-06 

1. I O € - 0 4  

1. 16E-OA 

2.9TE-05 

4.96€-04 

3.45E-05 

2.48C-05 

2.50E-05 

2.00E-14 

5.41E-05 

4.91E-07 

2.78E-03 

3.05E-05 

3.6OE-04 

7.81E-06 

3.52E-04 

1.53E-06 

4. WE-05 



PHr)TOh( DOSE-RATE COYVERSION FACTOPS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAYINATEO WATER 
IN S V I Y R  PER BOI(CU8lC C M )  

NUCL 1 O c  

PI)-2 I 6  

PQ-2 1 8  

nr-211 

ST-21 7 

RN-218 

~ ~ - 2 1 9  

RN-220 

RN-222 

F9-221 

F -223 

UA-222  

ua-223 

RA-224 

~ n - 2 2 5  

Rd-226 

RA-228 

AC-225 

4C-227 

AC-228 

TH-226 

TH-227 

TH-228 

TH-229 

TH-230 

TH-23 1 

HALF-L I FE 

0.146 S 

3.05 H 

7.214 H 

0.0323 S 

0.035 S 

3.96 S 

55.61 S 

3.8235 D 

4.8 M 

21.8 Y 

38.0 S 

11.434 D 

3.62 D 

14.8 0 

1600 Y 

5.75 Y 

10.0 0 

21.773 Y 

6.13 H 

30.9 H 

18.718 0 

1.9132 Y 

7.34E3 Y 

7.7E4 Y 

25.52 H 

SKIN 

5.96E-08 

0.0 

1.50E-04 

9.48E -0 7 

3. OZE-0  6 

2 ZOE -04  

2.07E-06 

1.536-06 

l . 17E-04  

1.98E-04 

3.54E -05 

5.19E-04 

3.81E-05 

4.35E-05 

2.56E-05 

2.60E-12 

5.43E-05 

6.40E-07 

3.8OE-03 

3.07E-05 

6.06E-04 

8.80E-06 

3.43E-04 

2.6 6E - 0 6  

6.17E-05 

SPLEEN 

3.53E-08 

0.0 

7.86 E-0 5 

5.61 E-0 7 

1.79,E-06 

- 

1.32E-04 

1.23E-06 

9.08E-07 

7.05E-05 

9.77E-05 

2.13E-05 

3.01F-04 

2.3OE-05 

9.04 E-06 

1 54E-05 

3.51 E- 1 5 

2.97E-05 

2.65 E-07 

2.2 7 E-03 

1.75E-05 

2.36 E- 0 4  

4 25E-06 

?.88€-04 

7.56 E- 0 7 

2.31 E-05 

STOMACH 

3.60E-08 

0.0 

7.97E-05 

5.69E-07 

.I. el€-06 

I -32E-04 

1.24E-06 

9.18E-07 

7.01E-05 

9.93E-05 

2 13E-05 

3.01E-04 

2.29E-05 

le ob€-05 

1 53E-05 

3 1 BE-15 

2 97E-05 

2.64E-07 

2.30E-03 

1.74E-05 

2.366-04 

4.26E-06 

1.88E-04 

7.68E-07 

2.3IE-05 

TESTES 

5.16E-08 

0.0 ' 

1.37E-04 

8.25E-07 

2 -42  E-0 6 

1.96 E-04 

1.81E-06 

I .  34E-06 

1.07E- 04 

1 J1 E-04 

3.15E-Of 

4.70E-04 

3.44E-05 

3.07E-05 

2.35E-05 

1.13E-13 

4.80E-05 

4.37E-07 

3.30E-03 

2 75E-05 

3.61 E-04 

7.00E-0t 

3.09E-04 

1 42 E-06 

4.34E-05 

THYYUS 

4.08 E-0 8 

0 ; o  . 

1.07E-04 

6.34E-07 

2.02E -0 6 

1.48 E-0 4 

1 38E-0 6 

1 -0  1 E-06 

8.13E-05 

1 27 E-04 

2 -38 E-0 5 

3.60 E-0 4 

2.6 1 E-0 5 

1.94E -0 5 

1.8OE-0 5 

2.60E-18 

3.6 8 E-0 5 

3.2 4 E-07 

2.61 E-0 3 

2. 11E-05 

2.73E-04 

5.33 E-06 

2.37E-04 

1.03E-06 

3eO8E-05 

THVRO IO 

4.90E-08 

0.0 

1 36E-06 

7.70E-07 

2.65E- C6 

1.85E-04 

1.68E-06 

I .  2IE-06 

1.03E- 09 

1 62E-06 

2.96E-05 

4.55E-04 

3.29E- 05 

2.56E-05 

2.286-05 

7. T9E-15 

4.72E-05 

4 20 E-07 

3. 13E-03 

2.69E-05 

3.43E-04 

6 .  81E-06 

3.04E-04 

1 32 E- 06 

4.06E-05 

UTEaUS 

3.1 ?E-08 

0.0 

6.90E-05 

5.02E-07 

1.60E-06 

1.18E-04 

1. LO€-06 

8. IZE-07 

6.26E-05 

8.49E-05 

I .  90E-05 

2.66E-04 

2.05E-0 5 

7.76E-06 

1 37E-05 

1. 14E-18 

2.6lE-05 

2.30E-07 

2.05E-03 

1.53E-05 

2. LO€-04 

3. 74E-OC 

1.64F-04 

6 60E-0 7 

1 98E-05 

TflTAL 
BODY 

4.14E-08 

0.0 

1.04E-04 

6.59E-07 

2.10E-06 

1.56E-04 

1.44E-06 

1.07.F-Ob 

8.38E-05 

1.30E-04 

2.506-05 

3.67E-04 

2.72E-05 

2.07E-05 

1.84E-05 

1.56E-13 

3.12E-05 

3. Q4E-07 

2.65E-03 

2.14E-05 

2.83E-04 

5.43E-06 

2.38E-04 

l . l l E - 0 6  

3.30E-05 



I 

PHnTON DOSE-RATE CONVERSION.F4CTOP.S F O R  V A R l O U S  ORGAYS FOR I M M E R S I O N  I N  CONTAMINATECI W A T E R  
I Y  S V / Y R  PER I ) O I ( C U B ? C  C P t  

NUCLl OE 

TU-232 

TU-213 

TU-234 

04-730 

~ 6 - 2 3 ~  

OB-233 

PA-234 

P fi-234n 

U-230 

U-231 

U-232 

U-233 

U-234 

U-235 

U-236 

u-237 

U-239 

U-239 

U-240 

NP-235 

N P-23 6 

NP-236M 

NO-237 

No-238 

YP-239 

H4LF-Ll FE 

1.405E10 Y 

22.3 M 

24.10 0 

17.4 0 

3.276E4 Y 

27.0 0 

6 . 7 0  H 

1.17 Y 

20.8 0 

4 .2  c) 

72 Y 

1.592E5 Y 

2.445E5 Y 

7.038E8 Y 

2.3415E7 V 

-6.75 0 

4.468E9 Y 

23.40 M 

14.1 Y 

396.1 I) 

l . lSE6  Y 

22.5 U 

2.14Eb Y 

2.117 D 

2.355 D 

A OR E N  AL S 

3.36E-07 

8.38E-05 

1.70E-05 

1.7OE-03 

7.4 5E -0 5 

5.52E-04 

5 .08E-03 

2 .99E-05 

2.49F-06 

1 5 TE-04 

4.83E-07 

5.28E-07 

2.37E-0 7 

3.80E-04 

1 -69E-07 

3.16E-04 

1.41E-07 

1.03E-04 

8.805 -07 

4 .25E-06 

3.10E-04 

1.21E-04 

5.08E-0 5 

1.45E-03 

4.09E -04 

BLADDFR 

3.43E-07 

7.99E-05 

1.74E-05 

1.64E-03 

6. 91 E-05 

4.96E-04 

4.93E-03 

2.9 1 E-05 

2.4OF-06 

1.53E-04 

4.68F-07 

4 . 9 0 ~ - 0  r 
2.25 F-0 7 

3.48 E-04 

1 63E-07 

3.'04€-04 

1.36E-07 

1 08E-04 

1.04E-06 

4.01 E-06 

2.93E-04 

1.17E-04 

5.03E-05 

I .42€-03 

3.82 E-04 

BRAIY 

3 3 3E-07 

8.79E-05 

1 76E-05 

I .83E-03 

7.42E-05 

5 37E-04 

5.51E-03 

3 212 E-05 

2.50E-06 

L 59E-04 

4 66E-07 

5.21E-07 

2. LIE-07 

3.72E-04 

1 e60E-07 

3 16E-04 

I . . m - o r  

1 LO€-04 

7 0 2E-0 7 

4 2 1 E-06 

3 09E-04 

1 24E-04 

S e l l € - 0 5  

I 59E-03 

4 O7E-04 

BRE4ST 

1.34E-06 

1 15 E-04 

3.49E-05 

2.18E-03 

1. L2E-04 

7.59E-04 

6.42 5 0 3  

3.71E-05 

5.31E-06 

3 i00E-04 

1 97E-06 

1.23E-06 

1.38E-06 

5.76E-04 

1 21 E-0 6 

5.40 E-04 

1. Of E-06 

1.99E-04 

7 .  IO€-06 

1. 12E-05 

5.39E-04 

2.05E-04 

1.05 E-04 

1 78E-03 

6.43F-04 

HE ART 

3 00 E -0 7 

7.77 E-0 5 

1 - 6 0  E-0 5 

I 6 2  E-03 

6.68E -0 5 

4.8 2E-0 4 

4.86 E-0 3 

2.87 F-0 5 

2 - 2 6  E-06 

1 46 E-04 

4.24E-0 7 

4.81 E-0 7 

2.00 E-0 7 

3.41E-04 

1.44E-07 

2.88 E -0 4 

1.2OE-0 7 

9.79E-05 

6.4 3 E -0 7 

3.87E-06 

2.84E -04 

I. L3E-04 

4.6 7 E-0 5 

I .4OE-03 

3.71E-04 

SMALL 
!NTES' lYE 

2.69E-07 

6.96E- 05 

1.40E-05 

1.46E-03 

5.98E-05 

4.30E-04 

4. 4OE-03 

2 .  LO€-05 

2 . 3  1E-06 

1.27E-04 

3.76E-07 

4.14E-07 

1.77E-07 

3 .0  I E-04 

1.2.7E-07 . .  

2.54E-Ob 

L.06E-07 

8.16E-05 

6.52E-07 

3 .34E-06  

2 47E-04 

9.85E-05 

4.10E-05 

1. 27E-03 

3.26E-04 

U P P E R  
LAaGE 

INTEST I Y E  

3.25c-07 

8.2TE-05 

1.725-05 

I .  72E-03 

7.13E-05 

5 . m - 0 4  

5. I T € - 0 3  

3.ObF-05 

2.40E-36 

1.59E-04 

4.55=-07 

5.17E-OT 

2 .  LbE-07 

3.62E-06 

1.51E-07 

3.09E-04 

1. 25E-07 

1 O5E-04 

8.2qE-07 

4.lTE-06 

3.05E-04 

l . 2 l E - 0 4  

5.09E-05 

1.49E-03 

3.96c-04 

L O U E R  
L A P G E  

INTE ST 1 NE 

2.96F-07 

7.61E-05 

1.53F-05 . 

I. 58E-03 

6.636-05 

4.75E-04 

4 .  76E-03 

2 .  AIF-05 

2.22E-0t 

L.41E-04 

4.22E-07 

4.69E-07 

2.04F-07 

3 . 3 w - o ~  

1.45C-07 

2.82F-04 

1.21E-07 

9.39F-05 

7.3 3E-07 

3..78E-O6 

2.  7TC-04 

1.09E-04 

4. %E-OS 

1.37E-03 

3.64E-04 



0Hr)TON DOSE-RATE CONVERSION FACTORS FOR V4aIOUS ORGANS FOR IMMERSION I N  CONTAYINATEO W4TER 
I Y  SVIYP PER e w ( c u B I c  CKI 

NUCC I DE 

TU-2 3 2 

TH-233 

TU-234 

PA-230 

Pb-231 

PA-233 

06-234 

P4-234Y 

U-230 

U-231 

U-232 

U-233 

U-234 

u - u s  

U-236 

U-237 

U-238 

U- 2 39 

U-240 

NP-235 

NP-236 

NP-236Y 

NP-237 

NP-238 

NP-239 

HALF-LIFE 

1 . 4 0 5 E l O  Y 

22.3 Y 

24.10 D 

17.4 o 

3.276E.4 Y 

27.0 0 

6.70 H 

1-11 M 

20.8 D 

4.2 D 

72 Y 

1.592E5 Y 

2.445E5 Y 

7.038E8 Y 

2.3415ET Y 

6.75 0 

4.468E9 Y 

23.40 H 

14.1 H 

396.1 D 

l.LSE6 Y 

22.5 H 

2.14E6 Y 

2.117 0 

2.355 0 

KIDNEYS 

3.62E-07 

B.29E-05 

1. 79E-05 

1. m - 0 3  

7. L9E-05 

5. LOE-04 

5.15E-03 

3.04E-05 

2.47E-06 

L.57E-04 

4.9LE-O 7 

4.98E-07 

2.4OE-07 

3.56E-04 

1.  7OE-07 

3.13E-04 

i . 4 3 ~ - 0 r  

1.12E-04 

1.28E-06 

4.09E -06 

2.98E 4 4  

1.19E-04 

5.26E-0 5 

1.49E-63 

3.91E-04 

C I VER 

3.37E-07 

r .  9 4 ~ 0 5 .  

L e t t € - 0 5  

1 e63E-03 

6 8 5 E-05,  

4.93 E-04 

4.9OF-03 

2 89 E-0 5 

2.39E-06 

L.52E-04 

4.62E-07 

4 89E-07 

2.21E-0 7 

3.47€-04 

1.61E-07 

3 .OLE-04 

1. 3 5 ~ - o r  

1.0TE-04 

9.0bE-01 

4.00E-06 

2.92E-04 

I .  16E-04 

4.96 E-05 

1 41  E-0 3 

3.8OE-04 

LUNGS 

3 . 8 4 ~ - o r  

8. 57E-05 

1 e91E-05 

1.75E-03 

r . 4 6 ~ - 0 5  

5.36E-04 

5.24E-03 

3.08E-05 

2.64E-06 

I .  69E-04 

'5.32E-07. 

s.w~-or 

2.65E-OT 

3.80E-04 

L.96E-07 

3.32E-04 

1.65E-07 

1. LTE-04 

1 11 E-06 

4.53E-06 

3 23 E-04 

L.28E-04 

5.53E-05 

1 50E-03 

4.17E-04 

MARROW 

6.48E-07 

le ob€-04 

3.27E-05 

2.00E-03 

9.82E-05 

7. 15 E-04 

5.85E-03 

3.37E-05 

*.OB€-0 6 

2.80E-04 

8.62E-07 

8. ITE-OT 

4.32E-07 

5.51E-04 

3.31E-07 

5. UE-04 

Z . T ~ E - O ~  

1.87E-04 

1.91 E - O t  

7.42E-06 

5.12E-04 

l.95E-04 

9. 14E-05 

1.60E-03 

6. IO€-04 

P EO 
MAP ROW 

2.50E-0 7 

8.4ZE-0 5 

1 3 4  E-0 5 

1 IS E-0 3 

7.43E-05 

5.2,8€<4 

5.27E-03 

3 LO E-0 5 

2 2 0 E-06 

1.31 E -04  

3 8 L E-0  7 

4.60E-0 7 

1. 75E-07 

3 65 E-04 

1.12E-0 7 

2.83E-04 

9.26 E-0 8 

8.45 E-0 5 

4.78 E-0 7 

3.53E-06 

2.74E-04 

1.08E-04 

4.19 E-0 5 

1.52E-03 

3.84 E - 0 4  

O V A R l  ES 

2.85E-07 

T . ~ ~ E - O S  

1.44E-05 

1 56E-03 

6 . 2 2 5 0 5  

4.47E-04, 

4.696-03 

2.79E-05 

2.OSE-06 

1.30E-04 

3 99E- 07 

4.24E-07 

1.95E-07 

3.03E-04 

1.41E-07 

2.6OE-04 

1. LEE-07 

9.13E-05 

7.86E-07 

3.45 E- 06 

2.5lE-04 

1.02E-04 

4.22E-05 

1 36E-03 

3.34E-04 

PANCREAS 

2 4OE-0 7 

6.72E-05 

L 24E-05 

1 4 O E - 0 3  

5.85E-05 

4,. 18E-04 

22E-03 

2.49F-05 

1 87F-06 

1.17E-04 

3.5LE-07 

3 . 9 7 ~ - 0 r  

L. 6 w - o  r 
2.93E-0* 

1.17E-07 

2 39E-0 4 

9. T ~ F - O ~  

7.69E-05 

5. m - 0 7  

3.15E-06 

2.34E-04 

9.24E-05 

3.75E-05 

1 2 ZE-03  

3 14E-04 

SKELETON 

6.74F-07 

1.08E-04 

3.36E-05 

2.03E-03 

1.00E-04 

7. zS'F-04 

5.96 E -0 3 

3.43E-05 

4.20E-06 

2.89E-04 

9.OLE-0 7 

~ . O B E - O T  

+ . S I E - O ~  

5.64E-04 

3.53E-07 

5.2TE-04 

2.98E-07 

L.92E-04 

2.02E-06 

7. T O E - O t  

5.26E-04 

2.0LE-04 

9.4lE-05 

1.63E-03 

6.26E-04 

N 
rg 
P 



PHOTON DOSE-RATE CONVERSION f ACTORS FOR VARIOUS ORGANS 
I N  S V l V R  PER BOl(CU9IC CMI  

NUCLIDE 

TH-232 

TH-233 

fH-234 

PA-230 

P A-23 1 

PA-233 

PA-234 

PA-2344 

U-230 

U-231 

U-232 

U-233 

U-234 

U-235 

U-2.36 

U- 237 

U-238 

U-239 

U-240 

WP-23 5 

NP-236 

NPy236M 

NP-237 

NP-238 

NP-239 

HALF-LIFE 

1.405EIO Y 

22.3 W 

24.10 0 

17.4 0 

3.216E4 V 

27.0 0 

6.70 H 

1-11 W 

20.8 0 

4.2 0 

72 . Y  

1.592E5 Y 

2.445E5 Y 

7.038E8 Y 

203415E7 Y 

6.75 0 

4.468E9 Y 

23.40 M 

14.1 H 

396.1 0 

1.15E6 Y 

22.5 H 

2.14El Y 

2.117 0 

2.355 0 

SKIN 

1 e85E-06 

1.35E-04 

3.25E-05 

2.69E-03 

1.25E -04  

8.25E-04 

8.01E-03 

4.72E-05 

6.04E -06 

2.84E-04 

2 e77E-06 

1 . 4 5 E d 6  

2 . l l E Q 6  

5.76EQ4 

1.90E -06 

5.34E-04 

1 67E-06 

1.93E-04 

1.04E-05 

1.34E-05 

5.16E-04 

2.02E-O4 

1.04E-04 

2.29EQ3 

6.46E Q4 

SPLEEN 

3.13E-07 

7.14E-05 

1.63E-05 

1 58E-03 

6. 7IE-05 

4. 87E-04 

4 76E-03 

2.80E-05 

2.31 E-06 

1 48E-04 

4.41 E-07 

.4 8 1  E-0 7 

2 l2E-07 

3 46  E-04 

1.52E-OI 

2.93E-04 

1 26E-0 7 

9.92E-05 

7.69E-07 

3.94E-06 

2.8.8E-04 

10 13E-04 

+ . n ~ - 0 5  

1 36 E-03 

3. 76E-04 

STOMACH 

3.20E-07 

7.82E-05 

1 65E-05 

1.61E-03 

6.76E-05 

4.86E-06' 

4.84E-03 

2.85E-05 

2.32E-06 

1.48E-04 

4.47E-01 

4.85E-07 

2 16E-07 

3 &E-04 

1m56E-07 

2.94E-04 

1.30E-Ol 

I .OlE-Ol 

8 29E-07 

3.94E-0 6 

.2.87E-04 

1 14E-04 

4 8 1 E-05 

1.39E-03 

3 74E-04 

FOR IMMERSION I N  CONTAYINATEO WdTER 

TESTES 

6 72 E-07 

1.17E-04 

2.88E-05 

2.34E-03 

1 04E-04 

7.36E-04 

6.91 E-03 

4.09E-05 

3.93E-06 

2 49 E704 

9.44E-0 7 

8026E-07 

5.33E-01 

5.26E-04 

4. LIE-07 

4.79E-04 

3.58E-0,7 

I 74E-M 

2.85E-06 

7.08E-06 

4.61E-04 

1 82 E-04 

8.44E-05 

1.98E-03 

5.84E-04 

THY MUS 

4.40 E-07 

8.90 E-0 5 

2.21E-05 

1.85E-03 

7.7lE-05 

5.S7E-04 

5 50 E-03 

3.26 E-05 

2 90E-06 

1 89 E-04 

5 87E-0 I 

5.95 E-0 7 

2.86 E-07 

4.03E-04 

2 14E-0 7 

3.65 E-04 

1.8OE-07 

1.35E-04 

1 36E-06 

4.95E-06 

3.55 E-04 

1 60 E-0 4 

6.2 3 E-0 5 

1.59E-03 

4.45E-04 

THVRO IO 

5.76E-07 

1 10E-04 

2.  84E- 05 

2.23E- 03 

9.73E-05 

6 98E-04 

60 62E-03 

3.91E-05 

3 . I O E - 0 6  

2.45E-04 

7.77E-07 

.7.75E-O7 

3.91 E-07 

5.12E-0) 

2.92E-07 

4.66E-04 

2 47E- 07 

1 70E-0) 

1.91E-06 

6 5OE- 06 

4.55E-04 

1.79E-04 

8.12E-05 

1 . 8 9 E 0 3  

.5.66E-m 

UTEaUS 

2.67E-07 

60 90E-05 

I .  42E-0 5 

1.42E-03 

6 OOE-0 5 

4.32E-04 

4.29E-03 

2 52E-05 

2.03E-0 6 

1.28E-05 

3. 75E-07 

4.22E-07 

1 75E-07 

3 06E-04 

.I. 2bE-07 

2.57E-04 

1.05E-OI 

8.74E-05 

5.98E-07 

3 39E-06 

2 51E-04 

9- 91 E-09 

4.13E-05 

1 23E-03 

3.31E-04 

TOTAL 
BOOV 

5.36E-07 

9.2IE-05 

2. I BE-05 

1.87E-03 

8.2lE-05 

5.8OE-04 

5.59F-03 

3.29E-05 

3.08E-06 

1 91s-04 

1.66E-07 

6.5TE-07 

4.46E-07 

4.13E-04 

3.56E-07 

3. TOE-04 

4.06E-07 

1.32E-04 

2.23E-06 

5.61E-06 

3.58E-04 

1. 41E-04 

6.42E-05 

1.60E-03 

4.5bE-04 



PHCnON DOSE-RATE CONVERSION FACTORS FOP VARIOUS ORGAYS FOR IMMERSION I N  CONTAMINATE0 WATER 
I N  SV/YR PER 8O/(CUSIC CUB 

NUCLI OE 

NP-240 

Ne24OY 

PU-236 

PU-237 

PU-23 8 

PU-239 

OW-240 

PU-24 1 

PU-242 

PU-243 

PU-244 

PU-245 

PU-246 

bM-24 1 

AM-242 

~ ~ - 2 4 2 ~  

AP-243 

AH-244 

AM-245 

AM-246 

Clrl-242 

CH-243 

CM-244 

CM-245 

CM-246 

HALF-L I FE 

65 M 

7.4 M 

2.851 Y 

45.3 b 

87.75 Y 

24131 Y 

6537 Y 

14.4 V 

3.758E5 Y 

4.956 H 

.8 .26€7 Y 

10.57 H 

10.85 D 

432.2 Y 

16.02 H 

152 Y 

7038E3 Y 

10.1 H 

122.4 M 

25.0 M 

163.2 0 

28.5 Y 

18.11 Y 

8.5E3 Y 

4.75E3 Y 

AORENALS 

2.98E-03 

8.  4SE -04  

1.21E-07 

I. l l E - 0 4  

7.03E -0 8 

1.45E-07 

7.14E-08 

0.0 

6.33E-08 

5.24E-05 

3.32E-08 

1.07E -03 

2.34E-04 

3. TOE-05 

3.19E-05 

6.76E-07 

1.09E-04 

2.08E - 0 3  

T.69E-05 

2.55E-03 

7.6 8E-08 

3.11E-04 

5.99E-08 

1.68E-04 

4.33E-08 

8LL OOER 

2.86E-03 

8 . 1 3 6 0 4  

1 00 E-0 7 

1.07E-04 

4.80E-08 

1 26E-07 

5.13E-08 

0.0 

4.6 8E-08 

5.28E-05 

1.78E-08 

1.02E-03 

2.2OE-04 

4.24E-0s 

3.03E-05 

5. T4E-01 

1 . l t E 0 4  

2.OOE-03 

7.14E-05 

2.49E-03 

4.48E-08 

2.90E-04 

3.05E08 

1.59E-04 

1.79E-08 

W A I N  

3 20E-03 

90 LO€-04 

9.67E-08 

1 12E-04 

4.5 8E-08 

1.35E-07 

4.80E-08 

0 .o 

4.45E-08 

5 44E-05 

1.42E-08 

1 13E-03 

2 28E-04 

3 . 8 8 6 0 5  

3.19E-05 

5.8lE-07 

1 1 5E-04 

2.24E-03 

7 - 6 3  E-05 

2 -8 lE-03 

4.6OE-08 

3.09E-04 

3 18E-08 

1.68E-04 

1 61 E-08 

BREAST 

3.77E-03 

1e06E-03 

I 50E-06 

2.06E-04 

1.25E-06 

6.64E-0 7 

1.20E-06 

0.0 

1.00E-06 

1.00E-04 

8.25 E-07 

1 39 E-03 

3.65E-04 

9.75E-0 5 

6.01E-05 

4. 72 E-06 

2.36 6 0 4  

2.60E-03 

1.19 E-04 

3 14E-03 

1.39E-06 

4- 85 E-04 

1.22E-06 

2.93E-04 

1.07E-06 

nE ART 

2.8 2 E -0 3 

1.99 E-0 4 

8.81 E-08 

1.03E-04 

4.27E -0 8 

1.25 E-07 

4.4bE-08 

0.0 

4.11 E-0 8 

4.92E-05 

1.43 E-0 8 

1.00E-03 

2.07 E-04 

3 a43 E-05 

2.94E-05 

5.39E-0 7 

1.03E-0 4 

1.97E-03 

6.96E-05 

2 46E-0 3 

4 36 E-0 8 

2.81E-04 

3 07 E-08 

1.54E-04 

1.67E-08 

SMAL L 
I N I E S T  I4 E 

2.55E-63 

?et*€-04 

7.62E-08 

8.88E-05 

3.56E-08 

1. OTE-07 

3. m - 0 8  

0.0 

3 49E-08 

4.33E-05 

1.14E-08 

9. OOE- 04 

1.87E-04 

3.18E-05 

2.54E-05 

4.61E-07 

9.19E-05 

1 78E-03 

6013E-05 

2 24E-03 

3 45E- 08 

2.48E-05 

2 33E-08 

1034E-04 

I .  20E-08 

UPPER 
LARGE 

IN TEST 1 Y E  

3.00E-03 

8.49F-04 

8.95E-08 

1.1 LE-04 

4.18E-08 

1.33E-07 

4.44F-08 

0.0 

4.10E-08 

5.27E-05 

1.42E-08 

1.06E-03 

2.23E-04 

3.78F-05 

3.18E-05 

5. riE-07 

1.10E-04 

2.10E-03 

1.43E-05 

2 62F-03 

3.99E-08 

3.01C-04 

2.68E-08 

l o  66E-04 

1.44E-08 

LOWER 
LARGE 

I Y T E S f  INE 

2.76E-03 

Te83E-04 

9.69E-08 

9.93E-05 

5.2 5E-08 

1.26E-07 

5 39E-0 8 

0.0 

4.85E-08 

4.72E-05 

2.2 2E-0 8 

9.81F-04 

2.07E-01 

3.33E-05 

2.85E-05 

5.68E-07 

9.8ZE-05 

1.93E-03 

6.84E-05 

.2.41E-03 

5.61E-08 

2.77E-04 

4.23€-08 

1. 5OE-04 

2.83E-08 

nJ 
W m 



PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGAYS FOR IMMERSION IN CONTAMTNATEO ULTER 
I N  S V / Y R  PER BOllCUBIC CW 

NUCL! O E  

NP-240 

NP-240M 

PU-236 

PU-237 

PU-238 

PU-239 

PU-240 

PU-241 

PU-242 

PU-243 

PU-244 

PU-245 

PU-246 

AM-241 

bM-242 

bM-242M 

AM-Zi3 

AM-246 

AM-245 

AM-246 

CM-242 

CY-243 

CM-244 

C M-24 5 

CM-246 

HALF-LIFE 

65 M 

7.4 M 

2.851 Y 

45.3 0 

87.75 Y 

24131 Y 

6537 Y 

14.4 Y 

3.758E5 Y 

4.956 H 

8.26E7 Y 

10.57 H 

10.85 0 

432.2 Y 

16.02 H 

152 Y 

7.38E3 Y 

10.1 H 

122.4 Y 

25.0 Y 

. 163.2 0 

28.5 Y 

18.11 Y 

8.5E3 Y 

4.75E3 Y 

KIDNEYS 

2.99E-03 

8.48E-0 4 

1.08E-07 

1.09E-04 

5.37E-08 

1 .29Ed7  

5.77E-08 

0.0 

5.19E-08 

5.41E-05 

2.24E-08 

1.06E-0 3 

2.30E-04 

4.57E-05 

3.09E-05 

6.ClE-07 

1.20E-04 

2.09E -03  

7.31E-05 

2.61E-03 

5.0 3E -0 8 

2.97E-0 4 

3.5 1E-08 

1.6ZE-04 

2.33E-08 

LIVER 

2.85E-03 

8.09E-04 

9 95E-08 

1.06E-04 

4.78E-08 

1 2 7 E-07 

5.08E-08 

0.0 

4 65 E-08 

5 2 SE-0 5 

1 6%-08 

1 01 E-03 

2.16E-04 

4.12E-05 

3.026-05 

5.71E-07 

1.1'3E-04 

1.99E-03 

72.11E-05 

2 4 BE-03 

4.64E-08 

2.88E-04 

3.20E-08 

1.58E-04 

1 78E-08 

LUNGS 

3 .OS€-03 

8 ;65E-O4 

1.40E-07 

1 18E-04 

7.96E-08 

1.50 E-07 

8.17E-08 

0.0 

7.25E-08 

5.79E-05 

3.63E-08 

1 09E-03 

2 -36E-04 

4 5 8E-05 

3 37E-05 

7.34E-0 7 

1 26E-04 

2 13E-03 

T.79E-05 

2 64E-03 

8.53E-08 

3 16 E-04 

6 e59E-08 

1 75E-Ob 

4.67E-08 

'MARROW 

3. WE-03 

9.65E-04 

2.2SE-07 

1.95E-04 

1 ZOE-07 

2 3 6 E -  07 

1 25E-07 

0.0 

1.12E-07 

9.58E-05 

4.94E-08 

1.20E-03 

3 32 E-04 

8.22E-05 

5. 50E-05 

1.16E-06 

2.21 E-04 

2.36E-03 

1.13E-04 

2.836-03 

1 25 E-0 7 

4; 58E-04 

9.35E-08 

2 79 E-04 

6.17E-08 

REO 
MARROU 

3.07 E-03 

8. 8OE-0  4 

7.0 1 E-08 

9 36 E-0 5 

3'. 5 8E -08 

1 2 1 E-0  7 

3.67 E-0  8 

0.0 

3.3bE-08 

4.29 E -0 5 

1.40E-08 

l.lOE-03 

2.26 E-04 

2.47 E-0 5 

2.73E-0 5 

4.94E-07 

8.11E-O 5 

2.15E-03 

7.30 E-0 5 

2.CTE-03 

3.8 5 E-0 8 

2.9 5 E-0 4 

2 83 E-0 8 

1 49 E-0 4 

1.76 E-08 

WAR1 ES 

2.73E-03 

7.77E-04 

9.60E-08 

9 08E-05 

5.24E-08 

1 14E-07 

5.4lE-08 

0.0 

4.84E-08 

4.45E- 05 

2 26E-08 

9.61E-04 

1 90E-04 

3.3 SE- 05 

2.59E-05 

5.35E- 07 

9.44E - 05 

1.92E-03 

6.26E-05 

2.39E-03 

5.54€-.08 

2 54E-05 

4.19E-08 

1.36E-04 

2.85E- 08 

P 4 NC E A S  

2.45E-03 

6.98E-04 

8.14E-08 

8.26E-05 

4.60E-08 

1.08E-07 

4.68E-08 

0.0 

4.18E-08 

3.8 7E-05 

2.09E-08 

8 .  TOE-04 

1.80E-04 

2 57E-05 

2.39E-05 

4.82E-07 

7.83E-05 

I. 7l'E-03 

5.93F-05 

2.14E-03 

5.OlE-08 

2.4 OE -0 4 

3.87E-08 

1 27E-04 

2. T1E-08 

SKELETON 

3. 5lE-03 

9.80E-04 

2.5lE-07 

2.01 E-04 

1.41E-07 

2.49E-07 

1.45E-07 

0.0 

1.29E-07 

9.85E-05 

6.2 7E-0 8 

1.30E-03 

3.39E-04 

8.44E-05 

5.67E-05 

1 .' 2 5E -0 6 

2.27E-04 

2.41E-03 

1.16E-04 

2.88E-03 

1.50E-07 

4.70E-04 

1.15E-07 

2.87E-04 

T.99E-08 

I 



PHOT.QN OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGAMS FOR IMMERSION I N  CONTAMINATE0 WATER 
IN SVIYR PER ewtcuexc c w  

NUCLIDE 

NP-240 

NP-240'4 

PU-236 

PU-237 

PU-23 8 

PU-239 

PU-240 

PU-241 

PU-242 

PU-243 

PU-244 

PU-245 

PU-246 

AC-24 1 

AM-242 

AH-242r 

AM-243 

AM-244 

AM-245 

AM-246 

CM-242 

CM-243 

CH-244 

CM-24 5 

CM-246 

HALF-L I FE 

65 M 

7.4 M 

2.851 Y 

45.3 D 

87.75 Y 

24131 Y 

6 5 3 7  Y 

14.4 Y 

3.758E5 Y 

4.956 H 

8.26E7 Y 

10.57 H 

10.85 0 

432.2 Y 

16.02 H 

152 Y 

7.38E3 Y 

10.1 H 

122.4 Y 

25.0 M 

163.2 0 

28.5 Y 

18.11 Y 

8.563 Y 

4.75€3 Y 

SKIN 

4.68E-03 

1.33E-03 

2.47E-06 

1.93E-04 

2.12E-06 

9.81E-07 

2.03E-06 

0.0 

1.69E-06 

9.4OE-05 

1 -43E -06 

1.67E-03 

3.77E-04 

9.36E-05 

5.80E-05 

7.12E-06 

2.17E-04 

3.28E-03 

1.20E-04 

4.03E-03 

2.31E-06 

4.92E-04 

2.04E-06 

2.79E-04 

1.8 l E - 0  6 

SPLEEN 

2.77E-03 

7.87 E-04 

9.79E-08 

1.04 E-04 

5 05 E-0 8 

1 29E-07 

5 24E-08 

.o.o 

4.7tE-08 

4.99E-05 

1.96E-08 

9.90 E-04 

2.12E-04 

3.62 E - 0  5 

2.98E-05 

5.77E-07 

I .  05 E-04 

1.93E-03 

7.05E-05 

2.4OE-03 

5.27E-08 

2.8 5 E-04 

3.86E-08 

1.56E-04 

2.42E-08 

STOMACH 

2 81.E-03 

7.98E-04 

1 mol€-07 

1.04E-04 

5.26E-08 

1 28E-07 

5.48E-08 

0.0 

4.95E-OB 

5 04E-05 

2.08E-08 

1.00E-03 

2.12E-04 

3. 77E-05 

2.97E-05 

5.85E-07 

1 O8E-04 

I 97E-03 

7.02E-05 

2 44E-03 

5.48E-08 

2.84E-04 

4.03E-08 

1 56E-04 

2.56E-08 

TESTES 

4.07E-03 

1.15E-03 

4.04E-07 

1.72E-04 

2.90E-07 

2.76E-07 

2.87E-07 

0.0 

2.45 E-07 

8.53E-05 

1.73E-07 

1 46 E-03 

3.36E-04 

7.62E-0 5 

4.91 E-05 

1. TOE-06 

1. %E-04 

2.83E-03 

1 09 E-04 

3 49E-0 3 

3.35E-07 

4.41E-04 

2.84E-07 

2.51E-04 

2.38E-07 

THYMUS 

3.19 E-0 3 

8.94E-04 

1.33E-0 7 

1 3 2 E -0 4 

6.44E-08 

1.54E-O 7 

6 0  8 8 E-0 8 

0.0 

6.27E-08 

6.60E-05 

2.34E-08 

1.13E-03 

2.52E-04 

5 6 4  E-0 5 

3.72E-05 

7.2OE-0 7 

1-50 E-04 

2 2 3E-0 3 

8.28E-0 5 

2 78E-03 

6.02 E - 0  8 

3.36E-04 

4.12E-08 

1.92E-04 

2.39E-0 8 

THVRO IO 

3.86 E -03 

1.08E-03 

2 07E-07 

1.7lE-W 

1 IS€-07 

2.10E-07 

1.20E-07 

0.0 

1.06E-07 

8.42E-05 

5 24E-08 

1.38E-03 

3.20E-05 

7 27E-05 

4.82E-05 

1 07E-06 

1.92E-04 

2.69E-03 

1.05E-04 

3.32E-03 

1 23E-07 

4.27E- 04 

9.37E-08 

2.47E- 09 

6.72E- 08 

UTEQUS 

2 49E-03 

7.08E-04 

7.38E-08 

9.02F-0 5 

3.34E-08 

I. WE-07 

3.53E-08 

0.0 

3 30E-08 

4.38E-05 

1.02E-08 

8.85E-04 

L. 88'-04 

3.08E-05 

2. WE-05 

4. S7E-or 

9.23E-05 

1.73F-03 

6 22E-05 

2.17E-03 

3.25E-08 

2 5 LE-04 

2.16E-08 

L.36E-04 

1.04E-OB 

TOTAL 
BOOY 

3.26E-03 

9.24E-04 

3.63E-07 

1.33E-04 

2.72E-07 

2.34E-07 

2.66E-07 

0.0 

2.26E-07 

6.5DE-05 

1. b7E-07 

1.17E-03 

2.61E-04 

5.57E-05 

3.80E-05 

1.43E-06 

1.45E-04 

2.27E-03 

8.51E-05 

2.81E-03 

3.OBE-07 

3.46E-04 

2.64E-07 

1.94E-04 

2.23E-07 
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PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION I N  CONTAMINATE0 WATER 
IN SVIYR PER eai(cueIc CUI 

NUCLI OE 

CM-247 

CM-248 

CM-249 

CH-250 

8K-249 

8K-250 

OK-251 

Cf-248 

CF-249 

CF-250 

Cf-251 

CF-252 

CF-253 

Cf-254 

ES-253 

ES-254 

E S-2 54Y 

ES-255 

f Pl-254 

FM-255 

f M-256 

HALF-LIFE 

1.56E7 Y 

3.39E5 Y 

64.15 M 

6.9E3 Y 

320 0 

3.222 H 

57.0 Y 

333.5 0 

350.6 Y 

13.08 Y 

9.OE2 Y 

2.639 Y 

17.81 0 

60.5 0 

20.467 0 

275.7 D 

39.3 H 

39.8 0 

3.240 H 

20.07 n 

157.6 M 

K I  ONff S 

7.74E -0 4 

3.14E-08 

4.75E-05 

0.0 

0.0 

2.39E -03 

0.0 

1.47E-0 8 

7.99E-04 

5.93E-08 

2.70E-04 

4.38E-08 

2.15E-10 

3.65E-11 

7.OlE-07 

6.39E-06 

1 a43E-0 3 

1.44E-09 

9.69E-08 

3 74E -06 

0.0 

LIVER 

7.44E-04 

2.84E-08 

4 54E-05 

0.0 

0.0 

2 26E-03 

0.0 

1 12E-08 

7.69E-04 

5.76E-08 

2.64E-04 

4.17E-08 

2.04E-10 

2.50E-11 

be79E-07 

6.03E-06 

1.37E-03 

1.05 E-09 

9.38E08 

3.54E-06 

0.0 

LUNGS 

8.02E-04 

.5 29E-08 

4.87E-05 

0.0 

0.0 

2.4lE-03 

0.0 

4.20E-08 

8.30E-04 

9.27E-08 

2.9lE-04 

7.33E-08 

7.27E-10 

2 76E-11 

7.58E-07 

7.00E-06 

1.46E-03 

3.51E-09 

1 40E-07 

4.20E-06 

0.0 

MARROW 

9.7lE-04 

7.76E-08 

5.56E-05 

0.0 

0.0 

2.57E-03 

0.0 

5.23E-08 

1.02E-03 

1.41 E-07 

4.39E-04 

1.09E-07 

9.14E-10 

4.%E-11 

1.04E-0 6 

1 05 E-05 

1 63E-03 

4.51 E-09 

2.17E-07 

7.02E-06 

0.0 

REO 
MARROW 

8.25 E-0 4 

2.3 2 E -0 8 

4 97  E-0 5 

0.0 

0.0 

2.44E-03 

0.0 

1 50 E-08 

8.52E-04 

5 0 3 E -0 8 

2.63E-04 

3 59 E-08 

2.80E-10 

1.2OE-11 

T.43E-07 

5.50E-06 

I .49E-03 

1.26 E-09 

8.3 b E-08 

2.72E-06 

0.0 

O V I R I  n 
be 98E-04 

3.42E-08 

4.37E-05 

0.0 

0.0 

2.19E-03 

6.0 

2.48E - 08 

7.17E-01 

6.31E-08 

2 30E-04 

4.86E-08 

4.33E- 10 

2.01E- 11 

6.06E- 07 

5.40E-Ob 

1.33E-03 

2.11E-09 

9 8 1E- 08 

3 09E- Ob 

0.0 

PANCREAS 

6.42E-04 

3.07E-08 

3.9lE-05 

0.0 

0.0 

1.96E-03 

0.0 

2.46E-0 8 

6.63E-04 

5. 74E-08 

2.lTE-04 

4.40E-08 

4.35E-10 

1 37E-11 

5.91E-07 

4.83E-06 

1.18E-03 

2.02E-09 

8.92E-08 

2.64E -0 6 

0.0 

SKELETON 

9.87E-04 

9.28E-08 

5.65E-05 

0.0 

0.0 

2.62E-03 

0.0 

7.04E-08 

1.04E-03 

1.6LE-07 

4.51E-04 

I .  28F-07 

1.22E-09 

5.06E-11 

1.08E-06 

1.10E-05 

1.66E-03 

5.91E-09 

2.42E-07 

7.36E-06 

0.0 

0 
0 
0 



PHmow DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR IMMERSION IN CONTAMINATEO WATER 
I N  S V l Y R  PER BW(CU8IC C M I  

NUCLIOE 

C M- 247 

CM-248 

CM-249 

CM-250 

8U-249 

8U-250 

8K-25 1 

CF-248 

CF-249 

CF-250 

CF-251 

CF-252 

CF-253 

CF-254 

ES-253 

ES-254 

ES-254M 

€5-255 

FW-254 

FM-255 

FW-256 

HALF-LIFE 

1.56E7 Y 

3.39E5 Y 

64.15 ly 

6.9E3 V 

320 0 

3.222 H 

57.0 M 

333.5 0 

350.6 V 

13.08 Y 

9.OE2 Y 

2.639 Y 

17.81 0 

60.5 0 

20.467 0 

275.7 0 

39.3 H 

39.8 0 

3.240 H 

20.07 H 

157.6 M 

SKIN 

1.23E-03 

1.45E-06 

7.49E-05 

0.0 

0.0 

3 e68E-03 

0.0 

1.69E -06 

1. 27E -03 

1.74E-06 

4 5 2E -04  

1 . 6 1 E 4 6  

2.85E-08 

7.40E-11 

2.11E-06 

3.24€+ 5 

2.26E-03 

1.27E-07 

1.95E-06 

2.05E-05 

0.0 

SPLEEN 

7.32E-04 

3.22E-08 

4.43E-05 

0.0 

0.0 

2.19E-03 

0 .o 

1 99 E-08 

7.586-04 

6.38E-08 

2.62E-04 

4. 75E-08 

3 61E-10 

2. OOE- 11 

6e83E-07 

5.85E-06 

1.33E03 

1 7 2  G O 9  

1.02 E-07 

3 39E-06 

0.0 

STOMACH 

7 35 E-04 

3 36E-08 

4.49E-05 

0.0 

0.0 

2 23E-03 

0.0 

2.12E-08 

7.60E-04 

6.54E-08 

2.6 1E-04 

4.91E-08 

3.78E-LO 

2.17E-11 

6 78E-07 

5.93E-06 

1 .35E-03. 

1.84E-09 

1 .O4E-O7 

3 46E-06 

0.0 

TESTES 

1 i08E-03 

2. LLE-07 

6.52E-05 

0.0 

0.0 

3.18E-03 

0.0 

2.38E-07 

1.12E-03 

3.07E-07 

4.09E-04 

2.69E-07 

3.98E-09 

5.73E-11 

1.15E-06 

1.26E-05 

1 95 E-03 

1.91 E - 0  8 

4.13E-07 

8.01E-06 

0.0 

THYMUS 

8.15 E 4 3 4  

3.72E-08 

5.01 E-05 

0.0 

0.0 

2.35 E-03 

0.0 

1.31E-08 

8.45E-04 

7. lBE-08 

3.13 E-04 

5.25E-08 

2.19E-10 

3.83E-11 

7.72E-07 

7.34E-06 

1.52 E-05 

1 28 E-09 

1.15 E-0  7 

4.55E-06 

0.0 

THVRO IO 

1.OlE-03 

7.66E-08 

6.11E-05 

0.0 

0.0 

3.04E-03 

0.0 

6 O4E-08 

l.05E-03 

1.34E-07 

4 . O O E - 0 4  

1 07E-07 

1.01E-09 

4.99E- 11 

1.00E-06 

9.90E - 06 

1.84E- 03 

5.22E-09 

2.06E-07 

6.29E-06 

0.0 

UTEQUS 

6.54E-04 

1.94E-08 

3.96E -05 

0.0 

0.0 

1.986-03 

0.0 

5.26E-09 

6 77E-04 

4.43E-08 

2.306-04 

3.06E-08 

1.13E-10 

1.656-11 

5.99E-07 

4.98E-06 

1. L9E-03 

5.076 -1 0 

7 38E-08 

2.82E-06 

0.0 

TOTAL 
BOOV 

8.60E-04 

1.94E-0 7 

5.2 1 E-05 

0.0 

0.0 

2.56E-03 

0.0 

2.18E-07 

8.91E-04 

2.7OE-07 

3.19E-04 

2 3 8 E-07 

3.6 7E -09 

3.92E-11 

9.24E-07 

1.01E-05 

lm56E-03 

1.71E-08 

3. 5OE-07 

6.30E-06 

0.0 



ELECTRON DOSE-RATE CONVERSICW FACTORS FOR SKIN FOR I ~ M E R S I O N  IN CONTAMINATEO WATER 
I N  S V f Y R  PER BQ/(CUBIC CMt 

NUCLIOE 

H-3 
BE-7 
BE-LO 
c-11 
C-14 
N-13 
N-16 
0-15 
F - 1 8  
NA-22 
NA-24 
MG-2 7 
MG-28 
AL-26 
AL-28 
S I - 3 1  
S 1-32 
P-32 
P-33 
5-35 
C L-3 6 
CL-38 
AR-3 7 
AR-39 
AR-41 
K - 4 0  
K-42 
K-43 
CA-41 
CA-45 
CA-47 
C A-49 
sc-44 
SC-46 
SC-46M 
sc-47 
sc-48 
sc-49 
T 1-44 
T I -45  
T I - 5 1  

'V-48 
v-49 
V-52 
CR-49 
CR-5 1 
YN-52 

MN-53 
~ N - S Z M  

HAL F-L I f E 

12.28 Y 
53.44 D 
1.6E6 Y 
20.48 M 

5.73E3 Y 
9.97 M 
7.13 S 

122.24 5 
109.74 M 
2.602 Y 
15.00 H 
9.458 M 
20.91 H 
7 .2ES Y 
2.240 M 

3.3E2 Y 
14.29 0 

25.4 D 
87.44 0 

3.01ES Y 

35.02 0 

1.827 H 
1.277E9 Y 

12.36 H 
22.6 H 

1.03ES Y 
162.7 D 
4.536 0 
8.719 M 
3.927 H 
83.80 0 
18.72 S 
3.422 b 
43.67 H 

57.4 M 
47.3 Y 
3.08 H 

157.3 M 

37.21 n 

269 Y 

5.752 n 
15.971 0 

330 D 
3.75 M 

42.09 M 
27.704 0 

5.591 0 
' 21.4 M 
3.7E6 Y 

FRONT OF 
DERMIS 

0.0 ' 

0.0 
3.37E-04 
7.83E-04 
1 3 3 6 0 5  
1.04E-03 
6.582-03 
1.63F-03 
4.40E-04 
3.35E-04 
le le€-03 
1 WE-03 
2 21 E-04 

2.87E-03 
I 29E-03 
3 . 6 8 6 0 5  
1 S3E-03 
5.81E-05 
I. 55E-05 
4.53E-04 
3.63E-03 
0.0 
3.83F-04 
9.69E-04 
9.61F-04 
3.35E-03 
5.87E-04 
0.0 
6.OlE-05 
C.82E-04 
1.96 E-03 
1 31 E-03 
1 32E-04 
6.9bE-05 
2.48E-04 
3 82 E-04 
1.84E-03 
3.48E-07 
T.16F-04 
1 94E-03 
2. WE-04 
0.0 
2.44E-03 
1 3OE-03 
0.0 
1.28E-04 
2.60€-03 
0.0 

8.45E-04 

MIDPOINT OF 
O E R M I  s 

0.0 
0.0 
I. 19E-05 
1 85 E-04 
0.0 
3.57E-04 
5.55E-03 
8.3SE-04 

1.23E-05 

7.76E-04 
2.12E-06 
2.84E-04 
1.97E-03 
5.65E-04 
0.0 
7.64E-04 
0.0 
0.0 
4.57E-05 

0.0 
1.92E-05 
3.30E-04 
3.63E-04 
2.43E-03 
1.08E-04 
0.0 
0.0 
2.16 E-04 
1. IS€-03 
5.83E-04 
5.52E-08 
0.0 
6.35E-06 
2.72E-05 
1 e 04E-03 
0.0 
2. ME-04 
1.13E-03 
2.92E-05 
0.0 
1. 58E-03 
5.88 E- 05 
0.0 
5.97E-06 
l.73E-03 
0.0 

3. orE-05 

4.83E-04 

2. TSE-03 

BACK OF 
DERMI 5 

0.0 
. 0.0 0 

5.65E-08 
3. 7bE-05 
0.0 
1 1BE-04 
4.74E-03 

7.33E-07 
8 85E-07 

~ 4.00E-04 
3.29E-08 
9 08E-0 5 
1 3 8 E 0 3  
2. SZE-04 
0.0 
3.91E-04 
0.0 
0.0 
2. STE-06 
2.20E-03 
0.0 
1.42E-0 7 
1.12E-04 
1.37E-04 
I.  82E-03 
2.1OE-05 
0.0 
0.0 
1.07E-04 
6.98E-04 
2.59E-04 
8. 58E-09 
0.0 
7.49E-08 
8.60E-01 
6. # E O 4  
0.0 
5.47Ey05 
6.77E-04 
1. SO€-06 
0.0 
1.05E-03 
2.66E-04 
0.0 
4.86E-08 
1.18E-03 
0.0 

4.35E-04 

1.98E-04 

AVERAGE FVER 
DERMIS 

0.0 
0 .o 
6.41E-05 
2.60E-04 
I 15E-06 
4.31E-04 
5.59E-03 
9.01E-04 

6.43 E-05 
9.40E-OS 

5.S3E-04 
. 8 4 LE-04 

3.45E-04 
2.02E-03 
6.33E-04 
5 72E-06 
8.29E-04 
1 18E-05 
1 SQE-06 
I .  Ob€-04 
2.8 LE-03 
0.0 
7.6bE-05 
4.00E-04 
4 . m - 0 4  

3.83E-05 

2.48E-03 
1.73E-04 
0.0 
1 -29E-05 
2 76E-04 
1.21E-03 
6 50E-0 4 
Z.2OE-05 
4 97E-0 6 
4 5 5 E -0 5 
B.20E-05 
l.lOE-03 
4 52E-09 
2 8QE-04 
1.19E-03 
6 -62E-0 5 
0.0 
1 63E-0 3 
6.53E-04 
0.0 
2.53E-05 
1.79E-03 
0.0 

OEPlM OF 
70 clIC2ON.S 

0.0 
0.0 
3.0LE-04 
7.43t -04  
6.1 7E-06 
1. D O E - 0 3  
6.55E-03 
1.59E-03 
4.OZE-04 
3.00E-04 
1.15E-03 
1.5lE-03 
1.90E-04 
8.13E-04 
2. 8QE-03 

2.32E-05 
1.49E-03 
4.05E-05 
7.9 1 E - 0  6 

1.25E-03 

4. I 6E-04 
3.60E-03 
0.0 
3.a7E-04 
9.31'2-04 
9.28E-04 
3.32E-03 
5.50E-04 
0.0 
4.24E-05 
6.47E-04 
1.92E-03 
1.27E-03 

4.96E-05 
2.16E-04 
3.47E-04 
1.80E-03 
8.36E-09 
7.43E-04 
1.91E-03 
2.59E-01 
0.0 . 
2.41E-03 
1.27E-03 
0.0 
1.16E-04 
2.57E-03 
0.0 

1.06E-04 

w 
0 
N 



ELECTRON DOSE-RAT E CONVERSIaV 
I N  S V I Y R  PER BO/tCUBIC'CW 

NUCLIDE 

MN-54 
MN-56 
YN-57 
F E-5 2 
FE-55 
FE-59 
CO-56 
CrJ-5 7 
CO-58 
CrJ-58* 
CO-60 
CO-60Y 
C0-61 
N 1-56 
N!-57 
N I  -59 
N! -63 
N!-65 
CU-6 1 
tu-6 2 
CU-64 . 
CU-67 
ZN-62 
24-65 
ZN-69 
ZN-691u 
GA-66 
64 -61  
Gb-68 
GA-72 
GE-68 
GE-71 
GE-77 
AS-72 
A 5-7 3 
AS-74 
A S-7 6 
AS-77 
SE-73 
SE-75 
SE-79 
R R - 7 7  
BR-80 
B5-8OM 
O R - 8 2  
85-83 
BR-84 
8R-85 
UR-?9 

HALF-L IFE 

312.7 0 
2.5785 H 

1.47 H 
8.275 H 

2.7 Y 
44.63 0 
78.76 D 
270.9 0 
70.80 0 

9.15 H 
5.271 Y '  
10.47 H 
1.650 H 

6.10 0 
36.08 H 
7.5E4 Y 
100.1 Y 
2.520 H 
3.408 H 

12.701 H 
61.88 .D 

244.4 D 

9.74 M 

9.26 H .  

55.6 H 
13.76 H 
9.40 H 

68.0 M 

288 0 
11.8 D 

11.30 H 
26.0 H 

80.30 0 
17.77 0 
26.32 H 

38.8 H 

119.78 D 

3.261 0 

14.1 n 

7.15 n 

6.5E4 Y 
57.04 H 

4.42 H 
17.4 M 

35.30 H 
2.39 H 

31.80 M 

35.06 H 
172 S 

FACTORS FFR SKIN FOR INMERSION I N  CONTAMINATE0 WATER 

FRONT PF 
OEnM!S 

0 . 0 .  
1.86E-03 
2.52E-03 
3. B7E-04 
0.0 
1 48E-04 
2 61 E-04 
4.86E-06 
5.OLE-05 
0.0 
9.80E-05 
3.06E-06 
9;  64E-04 
3.31 E-06 
2.78E-04 
0.0 
0.0 
1.38E-03 
6.53E-04 
2 98 E-03 
2. LO€-04 
2.06E-OI 
3.63E-05 
2 72E-06 
6.25 E-04 
5. 18E-05 
2.27E-03 
1.OSE-05 
1.65E-03 
I.07E-03 
0.0 
0.0 
1.43E-03 
2.38E-03 
0.0 
5.55E-04 
2.4SE-03 
4.04E-04 
8.  LIE-04 
7.12E-06 
1.77 E-05 
4.63F-06 
1.62E-03 
0.0 
1. 88E-04 
6.24E-04 
2.93E-03 
2.29E-03 
3. f lE-05 

MIDPOINT OF 
DERMIS 

0.0 
1.14E-03 
1.65E-03 
6.12E-OS 
0.0 
2 . 2 0 5 0 6  
1.15E-04 
0.0 
6.84E-07 
0.0 
1.07 E-09 
1.37E-06 
3.38E-04 
0.0 
4. T9E-05 
0.0 
0.0 
7.26 E-04 
2.24E-04 
2.OTE-03 
1.26E-05 
3.20E-06 
2 . 2 0 5 0 6  
1. 84E-10 
1.23E-04 
6. 88E-06 
1.74E-03 
0.0 
9.14E-04 
5.08E-04 

0.0 
7.336-04 
1. 58E-03 
0.0 
1.73E-04 
1.62E-03 
3. SSE-OS 
3 . 1 2 5 0 4  
0.0 
0.0 
2.44E- 10 
8.86E-04 
0.0 
1.13E-06 
1.25E-04 
2.10E-03 
1.45 6 0 3  
2ml8E-06 

0.0 , 

BACU OF 
DERMIS 

0.0 
7067E-04 
L o  12E-03 
6.79E-06 
0.0 
5.13E-07 
5 O4E-0 5 
0.0 
5.23E-11 
0.0 
0.0 
6.33E-07 
1 19E-04 
0.0 
6. LEE-06 
0.0 
0.0 
4 27E-0 4 
7.46E-05 
1.47E-03 
2. 87E-07 
I 92E-08 
3.38E-08 
0.0 
2. WE-05 
4017E-12 
1 38E-03 
0.0 
5.13E-04 
3.09E-04 . 
0.0 
0.0 
4.16E-04 
1. 08E-03 
0.0 
6.00E-05 
1.1lE-03 
1.64E-06 
1.17E-04 
0.0 
0.0 
0.0 
5.05E-04. 
0.0 
1.61E-11 
2.19E-05 
1.61E-03 
9.51E-04 
3.63E-08 

~* 

AVERAGE OVER 
O E R M I S  

0.0 
1.20E-03 

1.06E-04 
0.0 
2.63 €-OS 
L.28E-04 
3.13E-07 
8.81E-06 
0 .o 
2.45 E-05 
1.53E-06 
4.ObE-04 

L . ~ I E - O ~  

7.35E-0 7 
7.93E-05 
0 .o 
0.0 
7. 8SE-04 
2.7lE-04 
2.12E-03 
4.35E-05 
3.64E-05 
7 52 E-06 
6. 1.89E-04 79E-07 

1.32E-0 5 

1 13E-06 
I . r r ~ - o 3  

9.70E-04 . 
5.68E-04 
0.0 
0.0 
7.96 E-04 
1.63E-03 
0.0 
2.18E-04 
1 67E-0 3 
9. 14E-OS 
3.63E-04 
1.64E-06 

1 L6E-06 
9.44E-04 
0.0 
3.22E-05 
1.9lE-04 
2. L6E-03 
1 5 LE-03 
7 e 3 1  E-06 

1.39E-06 

M P W  OF 
70 H I C R O l S  

0.0 
1.83E-03 
2.69E-03 
3.62E-04 
0.0 
1.24E-04 
2.54E-04 
3.OSE-06 
4. 4LE-05 
0.0 
7.57E-05 
2.97E-06 
9.27E-04 
2.61E-06 
2.6lE-04 
0.0 
0.0 
1.34E-03 
6.29E-04 
2.95E-03 
1.90E-04 

3.32E-05' 
1.73E-04 

2.ZOE-06 
5.88E-04 
4.93E-05 
2.26E-03 
2.55E-06 
1.62E-03 
1.03E-03 
0.0 
0.0 
1.39E-03 
2.35E-03 
0.0 
5.30E-04 
2.42E-03 

7.8SE-04 
4.86E-06 
8.36E-06 
3. 72E-06 
1.58E-03 . 
0.0 
1.60E-04 
5. 87E-04 
2.89E-03 
2.26E-03 
3.2 LE-05 

3.70E -04 

w 
0 
W 



ELECTRON OOSE-RAT€ CONVERSIO( F4CTORS F@R SUXN FOR I(IMERS1ON I N  CONTAMINATED WATER 
lr( S V I Y R  PER 8WtCUBIC C H I  

NUCLIDE 

KR-8 1 
KR-83M 

KR-85M 
UR-8 7 
KR-88 
KR-89 
UR-90 
Re-81 
Re-82 
R8-83 
Re-84 
R8-86 
Re-81 
R8-88 
Re-89 
R8-90 
48-90M 
SR-82 
SR-85. 
SR-85H 
SR-8 TM 
54-09 
54-90 
SR-91 
SR-92 
54-93 
Y-86 
Y-87. 
Y-88 
Y-90 
Y-90Y 
Y-91 
Y-91M 
Y-92 
Y-93 
ZR-86 
ZR-88 
ZR-89 
ZR-93 
ZR-9 5 
ZR-97 
NE-90 
Ne-91 
N8-91M 
NB-92 

N8-93M 
Ne-94 

ua-85 

~ 8 - 9 2 ~ 1  

M N  F-L I FE 

2.1ES Y 
1.83 H 

10.12 Y 
4 - 4 0  H 
76.3 M 
2.84 H 
3.16 M 

32.32 S 
4.58 H 
1.25 Y 
86.2 b 
32.9 0 

18.66 D 
4.T3ELO Y 

17.8 M 
15.44 M 

157 S 
258 S 

25.0 D 
64.84 0 
67.66 M 
2.805 H 
50.55 0 

28.6 Y 
9.5 H 

2.71 H 
7.3 Y 

80.3 H 
106.60 D 

3.19 H 
58.51 0 

3.54 H 
10.1 H 
16.5 H 
83.4 0 

78.43 H 
1.53E6 Y 

64.02 0 
16.90 H 
14.60 H 

LE4 Y 
6 1  D 

3.6E7 Y 
10.15 D 

14.6 Y 
2.03E4 Y 

14.74 H 

64.1 n 

49.71 M 

FRONT OF 
DERMIS 

0.0 
0.0 
4. T l E - 0 4  
4.87E-04 
3.09E-03 
T.34E-04 
3.20E-03 
3.05E-03 
4.0TE-04 
3.28E-03 
0.0 
3.49E-04 
1.49E-03 
6.49E-05 
S.03E-03 
2.34E-03 
4. IS€-03 
3.27E-03 
0.0 
7.55E-06 
1. l lE-05  

I .  28E-03 
3.39E-04 

3.38E-04 

4.93E-04 
3. ME-06 

1.51E-04 

1.44E-03 

2.06E-03 

1.5TE-06 
2. IS€-03 
1.07E-04 
1 33 E-03 
6.52E-05 
3.4ZE-03 
2.14E-03 
1.88E-05 
2.35E-05 
2.03E-04 
0.0 
1.43E-04 
1.54E-03 
8.19E-04 
1.16E-07 
4.40E-05 
3.46E-06 
0.0 
0.0 
2.13E-04 

MIDPOINT OF 
DERqIs 

0.0 
0.0 
5.16E-05 
T .  or€-05 
2.21 E-03 
3.51E-04 
2.32E-03 
2.15E-03 
8 .81605 
2 . 3 8 6 0 3  
0.0 
1 40 E-04 
7.69E-04 
0.0 
4.05 E-03 
1. 54E-03 
3. 'F)E-03 
2. ME-03  
0.0 
I .  73E-06 
0.0 
8.26E-06 
5.85E-04 
1.36E-05 
7.65E-04 
4.80E-05 
1.21E-03 
2.39E-04 
5.02EOT 
2.63 E-07 
1 3 3E-03 
1.7TE-05. 
6 . 2 6 6 0 4  
1.86E-05 
2.51E-03 
1.87E-03 

1 39 E-06 
5.01 E-05 
0.0 
1.50E-06 
8.05E-04 
3.54E-04 
0.0 
0.0 
9.89E-OT 
0.0 
0.0 
3 . 3 0 6 0 6  

. -0.0 

BACK 0s 
DERMI S 

0.0 
0.0 
2 T2E-06 
9.OSE-06 
1.65E-03 
2 39E-04 
1.76E-03 
1.58E-03 
2.26E-05 
1 T6E-03 
0.0 
6 58E-05 
4.2OE-04 
0.0 
3.32E-03 
1 09E-03 
3. l lE-03 
1.83E-03 
0.0 
3.39E-08 
0.0 
0.0 
2. T4E-04 
5.88E-08 
4.59E-04 
2.31E-05 
T o  T2E-04 
1 26E-04 
2.42E-09 

8.53E-04 
T .  03E-08 

2.53E-08 

3.04E-04 
1.22E-06 
1.91E-03 
Io 33E-03 
0.0 
0.0 
1.15E-05 
0.0 
2 68E-0 7 
4.43E-04 
1.61E-04 
0.0 
0.0 
6 *?E-0 8 
0.0 
0.0 
3.14E-07 

AVER4GE OVER 
DERMIS 

0.0 
0 .o 
1 13 E-04 
1 30E-04 
2.2TE-03 
3.961504 
2.37E-03 
2 2 1E-0 3 
I .30E-04 
2 43E-0 3 
0.0 
1.62E-04 
8.31E-04 
less€-05 

1 60E-03 
3 84E-03 
2.45E-03 
0.0 
Z.42E-36 
T . l T E - 0 T  
3.7%-05 
6.49E-04 
6.56E-0 5 
8.2TE-04 
9 -2ZE-0 5 

2.63E-04 
8.65E-01 

4.09E-03 

1.28 E-0 3 

0.42E-07 
I .39E-03 
2.9TE-05 
6.90E-04 
2.35 E-05 
2 56 E-03 
1 -92E-03 
3.67E-06 
6.46E-0 6 
6.92E-05 
0.0 
2 49E-0 5 
8.6TE-04 
3 -99 E-0 4 
3.2lE-08 
8.15E-0 T 
1.25E-06 
0.0 
0.0 
3. TT E-0 5 

DEPTY OF 
TO MICRONS 

0.0 
0.0 
4.35E-04 
4.53E-04 

7.03E-04 
3. IT€-03 
3.OlE-03 
3.7TE - 04 
3.25E-03 
0.0 
3.37E-04 
1.45E-03 
4.69E-05 
5.00E-03 
2.3lE-03 
4.TlE-03 
3.24E-03 
0.0 
7.26E-06 
9.54E-06 
1.42E-04 
1.25E-03 

3.06E-03 

3.05E-04 
1.41E-03 
3.06E-04 

4.80E-04 

1.48E-06 
2. l lE-03 

2.01 E-03 

3.00E-06 

1.01E-04 
1.29E-03 
6.30E-05 
3.39E-03 
2.TlE-03 
1.6TE-05 
2.21E-05 
L94E-04  
0.0 
1.18E-04 
1.50E-03 
T.82E-04 
1.2IE-07 
1.41E-05 
3.35E-06 
0.0 
0.0 , 

Lo83E-04 

w 
0 
P 



ELECTRON DOSE-RATE CONVERSISN FACTORS FOR SKIN FOR IYMERS ION IN CONTAMINATEO WATER 
I N  S V l Y R  PER BO/(CUBIC CM) 

NUCLI DE 

N B-94M 
NB-95 
NB-95M 
NB-96 
NB-97 
NB-9 7 M  
MO-9 1 
MO-93 
MO-99 
MO-101 
TC-95 
TC-95M 
TC-96 
TC-96M 
TC-97 
TC-97M 
TC-98 
TC-99 
TC-99M 
TC-101. 
RU-97 
RU-103 
RU-105 
RU-IO6 
RH-103M 
RH-LO5 
RH-105M 
RH-LO6 
PO-103 
PO-107 
PO-1 09 
AG-lO6M 
AG-108 
AG-lO8Y 
AG-1O9M 
AC-110 
A G - l l O M  
AG-111 
CO-109  
CD-1 I 1 M  
CO-113 
CO-1 l3M 
CD-115 
CD-1 15Y 
CO-117 
CD-117M 
IN-111  
1N-113M 
IN-114 

HALF-LIFE 

6.26 n 
35.06 0 

86.6 H 
23.35 H 

72.1 M 
t o  s 

15.49 M 
3.5E3 Y 
66.02 H 
14.61 M 

20.0 H 
61  0 

4.28 0 

2.6E6 Y 
89 0 

4.2E6 Y 
2.13E5 Y 

6.02 H 
14.2 M 

2.9 0 
39.35 0 

4.44 H 
368;2 0 

56.119 M 

45 s 
29.92 5 

16.961 0 
6.5E6 Y 
13.453 H 

8.46 0 
2.37 M 

39.6 S 
24.57 S 

249.85 0 
7.46 0 

51.5 n 

35.36 n 

127 Y 

464 0 
48.7 M 

9.3E15 Y 
13.7 Y 

53.46 H 
44.6 0 
2.49 H 
3.36 H . 
2.83 0 

1.658 H 
7L.9 5 

FRONT OF 
DERMIS 

4.34E-06 
'1.32E-05 
3.51E-04 
4.59E-04 
9.78E-04 
3. 58E-05 
3.40E-03 
0.0 
8.02 E-04 
1.12E-03 

1.38E-05 
2.36 E-06 
0.0 
0.0 
2.66E-05 
1 54E-04 
7.64E-OS 

2.2SE-06 

1.48E-05 
9.91E-04 
1 27E-05 
5 .4 lE -05  
8.21E-04 
0.0 
0.0 
2.31E-04 
9.90E-05 
3 31 E-03 
0.0 
0.0 
7.21 E-04 
7.05E-06 
1.33E-03 
1 37E-05 
1.66E-05 
2.73E-03 
8.32E-05 
6.96E-04 
0.0 
1 43E-04 
9.42 E-05 
3.03E-04 
6.06E-04 
1 32 E 0 3  
8.92E-04 
3.48E-04 
4. n E-05 
2.98E-04 
1.72€-03 

MIDPOINT OF 
Deanis 

1.44E-06 
1.16E-06 
1.74E-05 
5.4oE-05 
3.47E- 04 
1 63 E-05 
2.50E-03 
0.0 
2.54E-04 
5.01E-04 
1. 06 E-06 
3.07E-07 
1. 13E-06 
0.0 
0.0 
0.0 
2.79E-06 
1.45E-11 
0.0 
3 55 E-04 
2.10E-09 
2.46E-06 
2.47E-04 
0.0 
0.0 
7.736-06 
0.0 
2.39E-03 
0.0 
0.0 
1.81E-04 
1.14E-06 
6.26E-04 
3; 31  E-06 
0.0 
1.85E-03 
3.40E-06 
1 69  E-04 
0.0 
0.0 
1.87E-09 
1.28E-05 

be lo€-04 
4.10E-04 
4.77E-05 
0.0 
1 43 G O 5  
9.45E-05 

1.45 E-04 

BACK OF 
~ E R M I  s 

4.77E-07 
4.00E-07 
5.80E-06 
4.37E-Ot 
I.24E-04 
5.33E-06 
1 87E-03 
0.0 
8.34E-05 
2 77E-04 
3.69E-07 
2.OSE-08 
4; IO€-07 
0.0 
0.0 
0.0 
6 69E-0 7 
0.0 
0.0 
1.31E-04 
0.0. 
1 e 0 LE-07 
7. SO€-05 
0 .0 

4.97E-08 
0.0 
1.77E-03 
0.0 
0.0 
4.26E-0 5 
1 33E-08 
3 0 5E- 04 
5.56E-07 
0.0 
1 29E-03 
3 O2E-0 7 
3.92E-05 
0.0 
0.0 
0.0 
1 26E-07 
3.89E-05 
2.92E-04 
2.33E-04 
1.53E-05' 
0.0 
0.0 
5.38E-04 

0.0 

AVERAGE ovEa 
DERMIS 

1.76E-06 
3.05E-06 
7.1lE-05 
I 13E-0 4 
4.15E-O4 
1.77E-05 
2 54E-03 
0.0 
3.llE-04 
5 66 E-0 4 
1 14E-06 
2 5 1  E-06 
1 21 E-06 
0.0 
0 .o 
7.36F-07 
2.76E-05 
1 91 E-05 

4 24E-0 4 
3.18E-06 

1.02E-06 

1.07S-05 
3.14E-04 
0 .o 
0.0 
4.36F-05 
5.75E-06 
2 44E-03 
0.0 . 
0 .o 
2.48 E-04 
1.94 E-06 
6.89E-04 
4.58E-06 

1.90 E-03 
1.62E-05 
2.35 E-04 
0.0 
2.82E-05 
2 36E-0 5 
5.90E-0 5 

3.42E-07 

2.04E-04 
6.74E-04 
4.6 1E-04 
9.24E-OS 
9 32 E-06 
8. OS€-05 
1 01 E-03 

OEPTY OF 
70 MICRONS 

4.16E-06 

3. L2E-04 
4.24E-04 
9 . C l E - 0 4  
3.50E-05 
3.37E-03 
0.0 
7.65E-04 
1.08E-03 
2.20E-06 
l .18E-05 
2.3lE-06 
0.0 
0.0 
6.59E-06 
1.28E-04 

9.33E-06 
9.5 3E-04 
1.09E-05 
4.07E-05 
7.84E-04 
0.0 
0.0 
2.03E-04 
5.75E-95 
3.27E-03 
0.0 - 

6.84E-04 
6.66E-06 
1.29E-03 

2.83E-06 
2. 7OE-03 
7.30E-05 
6.60E-04 
0.0 
1.03E-04 
7.2 ?E-05 
2.7OE-04 
5. ?LE-04 
1.28E-03 
8.59E-04 
3.1 7E-04 
3.87E-OS 
2.81E-04 
1.68E-03 

7.52E- 06 

5. roE-05 

9.0 

1.31E-05 



ELECTROW DOSE-RATE CONVERSICC( F4CJORS FOR S K I N  FOR IllMERSION I N  CONTAMINATE0 WATER 
IN S V I Y I I  PER BOltCU8IC C'W 

NUCL 1 OE 

IN-114M 
IN-115 
I N-11 5M 
IN-1 16* 
IN-117 
IN-1174 
SN-113 
SN-11 74 
SN-1.19M 
SN-123 
SN-125 
SN-126 
58-1 1 7  
SB-122 
S 8-1 2 4  
$6-125 
SB-126 

58-127 

TE-121 
TE-1214 
TE-123 
T E-1 23* 
TE- lZ5M 
TE-127 
TE-127M 
YE-129 
TE -1 29M 
TE-131 
TE-131M 
TE-132 
TE-133 
TE-133M 
TE-134  
1-122 
1-123 
1-124 
1-125 
1-126 
1-128 

1-130 
1-131 
1-132 
1-133 
1-134 
1-135 
1-136 

se-i26* 

se-129 

1-129 

HALF-L IFE 

49.51 0 
4.6E15 Y 

4.36 H 

43.8 M 
116.5 M 

13.60 b 
293.0 0 

54.15 M 

115.1 0 

129.2 0 
9.64 0 

1.OE5 Y 
2.80 H 
2.10 0 

60.20 0 
Z.?? Y 
12.4 0 
19.0 M 
3.85 0 
4.40 H 
16.8 0 

154 b 
LE13 Y 

119.7 b 
9 8  0 

9.35 H 
109  0 

69.6  M 

2 5 . 0  M 
30 H 

33.6 0 

78.2 H 
12 .45  M 

55.4  M 
41.8 M 
3.62  M 
13.13 H 

4.18 0 
60 .14  0 
12 .93  0 
24.99 M 

1.57E7 Y 
12.36 H 
8.040 0 
2.30 H 

52.6 M 
6.61  H 

83  s 

20.13 H 

F R W T  OF 
D E R M I S  

2.36E-04 
2.25E-04 
3.65E-04 
5.81E-04 
4. t3E-04 

0.0 
1.96E-04 
3.00E-07 
1. 15E-03 
1 85E-03 
5.19E-05 
3.09E-05 

7.77E-04 
1 OTE-04 

1.3OE-03 
6.09E-04 

6.33E-06 
3.16E-05 
0.0 

9.386-04 

1.23E-03 

5 .  t m - 0 4  

7.19E-04 

4 . 2 e ~ - o 5  
4. eBE-05 
3.92E-04 
2.5lE-05 
1.12E-03 
4. 97E-04 
1.56F-03 
3 O2E-04 
6.49E-05 

1.55E-03 
1 67E-04 
2.41E-03 

1. e 5 ~ - 0 3  

2. SBE-05 
4.43E-04 
0.0 
2 60f-04 
1. TOE-03 

5.45E-04 
3- 10E-04 
1. WE-03 

1 32 E-03 

e. ~ ~ E - O Q  

e.  ME-W 

4. WE-03 
7.44E-04 

MIQPOINT 0 
OERMI S 

0.0 
3.33E-06 
5.15E-06 
1.2OE-04 
5.14E-OS 
3.?2E-04 
0.0 
0.0 
0.0 
4.85E-04 
I 14E-03 
0.0 
3. 76E-07 
5.6 1 E-04 
3 .4OEO4 
4.30E-06 
2.04E-04 
6.48E-04 
.1.33EO4 
2.64E-04 
1 68 E-06 
0.0 
0.0 
0.0 
0.0 
3.42E-05 
1 14E-06 
4.56E-04 
2.2OE-04 

6.08E-05 
0.0 
1.'06E-03 
8.30E-04 
1.31 E-06 
1.69E-03 
0.0 
2.46E-04 
0.0 
6.32E-05 
9.57E-04 
0.0 
1.07E-04 
1.47E-05 
4 . 2 6 6 0 4  
2.71E-04 
6.2TE-04 
2.39E-04 
3.8TE-03 

e .  0 6 ~ 0 4  

BACK OF 
DERMIS 

F 

0.0 

4.72E-07 

'3 76E-Ob 
1 89E-04 
0.0 
0.0 
0.0 
2.10E-04 
7.35E-04 
0.0 
2.44E-09 
2. IS€-04 
1.962-04 
9.05E-08 
9.61E-05 
30 39E-04 
3.1 LE-05 
1.30E-04 
9.22E-0 8 
0.0 
0.0 
0.0 
0.0 
1.62E-06 
8.28E-08 
1.93E-04 
1 08E-04 
4.50E-04 
3.72E-05 
0.0 
6 .  SO€-04 
4.84E-04 
2.08E-08 
1 22E-03 
0.0 
l . 4 lE -04  
0.0 
1.74E-05 
5.60E-04 
0.0 
2.35E-05 
2.55E-07 
9 2 0 OOE-0 1E-0 4 5 

3.20E-04 
9.00E-05 
3.13E-03 

1. i t x - 0 9  

'2.4OE-0 5 

4VER4GE OVER 
OERMIS 

4.05E-06 
3.97E-05 
6.43E-05 

l .14E-04 
4.36E-04 
0.0 
1.73E-05 
1 33E-09 
5.49E-04 
I .  1 9 6 0 3  
1 .OTE-05 

6.24E-04 

I .  e 1 ~ - 0 4  

5.4OE-06 

3 89E-04 
2.08E-05 
2.50E-04 
7.05E-04 
L.95E-04 
3.1 8 E-04 
2 19E-06 
3.60E-07 
0.0 
3.78E-06 
1.89E-06 
8.84E-0 5 

5.22E-04 
2 . + I E - O l  
8.72 E-04 
9 .  T O E - 0 5  

4.96E-06 

1 13E-05 
1 LZE-03 
8.93E-04 

1.73E-03 
2 29E-06 
2.62E-04 
0 .o 
8.84E-05 
1.01 E-0 3 
6.94E-O? 
1.66E-04 

2.86E-05 

6.15E-05 
4.90E-04 
3.36E-04 

2.98E-04 
3.91E-03 

6.92 E-04 

DEPTH OF 
70 M I C R O W S  

1.92E-04 
1.95E-04 
3.39E-04 
5.45E-04 
4.31E-04 
9.04E-04 
0.0 
1.38E-04 
0.0 
1 . l lE-03  
1.82E-03 
3.Q4E-05 

1.19E-03 
7.45E-04 
9.08E-05 
5.5 8E- 04  

5.73E-04 

2.'30E-05 

1.2TE-03 

6.85E-04 
6.10E-06 
2.OOE-'05 
0.0 
2.05E-05 
2.02E-05 
3. WE-04  
1.09E-05 
1.08E-03 
4.68E-04 
1.52E-03 

4.80E-05 
I. 8 1 E-'03 

I. 3 8E - 04 
2.38E-03 
1.76E-05 
4.35E-04 
0.0 
2. Q5E-04 
1. b7E-03 

2.67E-04 

1.51E-03 

3. TOE-06 
5.10E-04 
2. 77E-04 
9.99E-04 
8.04E- 04 
1.29E-03 
7.09E-04 
4.84E-03 

W 
0 m 



ELECTRON DOSE-RATE CONVERSIm FACTORS F,OR SKlN FOR IMMERSION I N  CONTAMINATED WATER 
I N  S V I Y R  PER BQI(CUB1C CUI 

NUCLIDE 

XE-122 
XE-123 
XE-125 
XE-127 
XE-129M 
X E-1 3 1 M 
XE-133 
XE-133H 
XE-135 
XE-135M 
XE-137 
XE-138 
CS-126 
CS-129 
CS-131 
CS-132 
CS-134 
C S -1 34W 
CS-135 
CS-136 
C S-137 
CS-138 
CS-139 
EA-131 
EA-133 
EA-133M 
BA-1394 
BA-137M 
EA-139 
BA-140 
EA-141 
EA-142 
LA-140 
LA-141 
L A - 1  4 2  
CE-139 
CE-141 
CE-143 
CE-144 
PR-142 
PR-143 
PR-144 
PR-144M 

- N D - l 4 7  
NO-149 
P IC143  
PM-144 
PM-145 
PM-146 

HALF-LIFE 

20.1 H 
2.14 H 
16.8 H 

36.406 D 
8.89 0 

11.84 0 
5.245 0 

2.19 0 
9.11 H 

3.83 H 
14.13 M 

32.06 H 

6.415 0 
2.062 Y 

2.3E6 Y 

15.36 H 

1.64 H 

9.688 0 

2.90 H 

13.16 0 
30.17 Y 

32.2 M 
9.40 M 
11.8 0 
10.5 Y 
38.9 n 
28.7 H 

2.552 M 
83.1 M 

12.789 0 
18.27 M 
10..70 M 

3w94 H 
95.4 M 

137.66 D 
32.50 0 

33.0 H 

50.22 n 

284.3 D 
19.13 n 
13.56 0 
17.28 M 

7.2 M 
10.98 D 

1.73 H 
265 D 
363 0 

17.7 Y 
2020 0 

FRONT OF 
D E R M I S  

2.60E-06 
3.63E-04 
3.11E-05 
3.6OE-05 
2.75E-04 
1.90E-04 
I. l lE -04  
3.54E-04 
6.12E-04 
2.30E-04 

1 36E-03 
3.15E-03 
7.40E-06 
0.0 
1.49E-05 
2. I O € - 0 4  
8.83E-05 
2. TOE-05 

2.69E-04 

4.22E-03 

1. WE-04 

2.83E-03 
3.93F-03 
3.29E-05 
1.88E-05 
4.19E-04 
4.1OE-04 
1. 57E-04 
2.03E-03 
5.26E-04 
1.92 E-03 
9.47E-04 
1.14E-03 
2.lSE-03 
1.92E-03 
3 26 E-05 
2.30E-04 
8. % E - 0 4  
7.91E-05 
1.8TE-03 
6.14E-04 
2.80E-03 
1.97E-09 
4.25E-04 
9.70 E-04 
2.46E-06 
1.96E-05 
6. BO€-08 
1.76E-04 

MIDPOINT OF 
DERH! S 

7.33E-09 
1.50E-04 
6.89E-08 
4.52E-08 
0.0 
0.0 
1.57E-08 
0.0 
1.10E-04 
5.2 5E- 05 
3.25E-03 
7.54E-04 
2.34E-03 
2.40E-07 
0.0 
3.26E-06 
2.26E-05 
0.0 
0.0 
4.81E-06 
1.85E-05 
1.95E-03 
2.99E-03 
1.02E-06 
1.35E-07 
0.0 
0.0 
5.93E-05 
1.21 E-03 
1.09E-04 
1.12E-03 
3 72E-04 
4.67E-04 
1.33E-03 
1.17E-03 
0.0 
3 ;94E-06 
2.'71€-04 
7.32E-10 
1.10E-03 
1 2SE-04 
1.92E-03 
0.0 
5.58E-05 
3.37E-04 
1.07E-06 
5.96E-06 
0.0 
2.41E05 

BACK OF 
DERMI S 

0.0 
6.78E-05 
1.06E-10 
0.0 
0.0 
0.0 
0.0 
0.0 
1.83Eb05 
1.11606 
2 56E-03 
4.79E-04 
1 79E-03 
0.0 
0.0 
5.44E-07 
I 55E-06 
0.0 
0.0 
1 . 9 1 E - O f  
4.42E-06 
1.38E-03 
2.33E-03 
2.54E-09 
0.0 
0.0 
0.0 
1.16E-05 
7. 5LE-04 
2.42E-05 

1.75E-04 
2. ME-04 
8.55E-04 
7.66E-04 
0.0 
2.90E-08 
9.4OE-05 
0.0 
6.8OE-04 
2.26E-05 
1.36E-03 
0.0 
5.83E-06 
1. 28E-04 
3.12E-07 
9.08E-07 
0.0 
2.51E-06 

7.OlE-04 

AVERAGE W E R  
O E R Y I S  

6.51E-07 
L.72E-04 
5.23E-06 
9c00E-06 
3.69E-05 
I .80E-05 
2.7TE-05 
6 43E-05 

7.35E-05 
3 30E-0 3 
8.10E-04 
2 39E-03 
I .95E-06 
0.0 
4 .  7SE-06 
6.05E-35 
5.44E-06 
3.92 E-06 
2.91E-05 

2.00E-03 

I .  79E-04 

5 79E-05 

3 03 E-0 3 
6.1bE-06 

1.02E-04 
9.47E-05 

1.27E-03 

1 18E-O3 
4 35 E-0 4 

1.39E-03 
1.22E-03 
3.17E-06 
4.09E-05 

4.7bE-06 

6.7bE-05 

1 . W - 0 4  

5 - 3 4  E-04 

3.39E-04 
1.98E-05 
1 16E-03 
1 89E-04 

3 A4E-13  
I .  97E-03 

1.09E-04 
4.OTE-04 
1 I @€-Ob 
7.39E-06 
6.00E-10 
4.58 E-35 

DEPTH OF 
70 M!C?ONS 

2.01E-06 
3.43E-04 
2.55E-05 
2. W E - 0 5  
2.23E-04 
1.37E -04 
8.65E-05 

5.72E-04 

4.19E-03 
1.33E-03 
3.12E-03 
6.95E-06 
0.0 
1.40E-05 
2.46E-04 

3.06E-04 

2.21E-04 

5.01E-05 
1.63E-05 
I. 23E-04 
2.39E-04 
2.80E-03 
3.90E-03 
2.18E-05 
1.62E-05 
3. TIE-04  
3.67E-04 

L 9 9 E - 0 3  

1. 88E-03 
9.lOE-04 

1.52E-04 

4.9lE-04 

1. IO€-03 
2.12E-03 
1.89E-03 

1.91E-04 
2.23E-05 

8. I bE -04 
5.8 3E-0 5 
1.83E-03 
5.77E-04 

0.0 
3.89E- 04 
9.26E-04 
2.40E-06 
1.90E-05 
8.81E-11 
1. b3E-04 

2. VE-03 

w 
0 
4 



ELECTRON DOSE-RATE CONVERSIO( FACTORS FOR SKIN FOR IMMERSION I N  CONTAMINATE0 WATER 
IN S V f Y R  PER BQItCUBIC CUI 

NUCLIDE 

PM-147 
PM-148 
PM-148M 
PM-149 
PM-151 
SM-147 
SM-151 
SM-153 
EU-152 
EU-152M 
EU-154 
EU-155 
EU-156 
GO-152 
GD-153 
GD-159 
GO-162 
18-15? 
18-160 ’ 

78-162 
DY-157 
OV-165 
OY-166 
HO-166 
HO-166Y 
ER-169 
ER-171 
TM-170 
TM-171 
Y 8-1 6 9  ’ 
Ye-115 
LU-177 
LU-1 17M 
HF-18 1 
TI-182 
w-181 
w-185 
w-187 
w-188 
RE-182 
RE-182M 
RE-1 83 
RE-184 
RE-18411 
RE-186 
RE-181 
RE-188 
03-1 85 
OS-186 

H&LF-LI FE 

2.6234 Y 
5.31 D 
41.3 0 

53.08 H 
28.40 H 

1.069El~l  Y 

46.7 H 
U . 6  Y 
9.32 H 

8.8 Y 
4.96 V 

15.19 D 
1.lE14 Y 

241.6 D 
18.56 H 

9.7 M 
150 Y 

72.3 D 
7.76 M 
8.06 H 

2.334 H 
81.6 H 

26.80 H 
1.2OE3 Y 

9.40 0 
7.52 H 

128.6 D 
1.92 Y 

31-91 D 
4.19 b 
6.71 D 

160.10 0 
42.39 D 

114.14 D 
120.95 D 

75.1 D 
23.83 H 

69.4 D 
64.0 H 
12.7 H 

10 0 
38.0 D 

169  0 

90 Y 

90.64 H 
4.7E10 Y 

16.98 H 
93.6 0 

2.OE15 Y 

FRONT OF 
DERMIS 

3.58E-05 
1.61E-03 
2.44E-04 

5.42E-04 
0.0 . 
0.0 
3.98E-04 
1.90E-04 
1.01E-03 
4.37E-04 
1.62E-05 
8. 10E-04 
0.0 
4.49E-06 
6.OSE-04 
6.3SE-04 
0.0 
4.14E-04 
1.04E-03 

7; 32E-01 

7.3%-06 
9. ME-04 
1.5LE-04 
1. WE-03 
1.28E-04 

7.43E-04 
6.1SE-04 

7.34E-05 

1.01E-04 

4.11E-07 

1.76E-OI 
1.95E-04 
2.OZE-04 
2.23E-04 
1.98E-04 
0.0 - 
1.67E-04 
5. LLE-04 
I .  O t E - 0 4  
1. 15E-04 
5. SlE-05 
3.58E-05 
3.33E-OS 
4-25E-05 
6.61E-04 
0.0 
1.72E-03 
1.40E-05 
0.0 

M1DPT)INf OF 
OERMI 5 

0.0 
9.04E-04 
1.61E-05 
1.91E-04 
1. OS E-04 
0.0 . . 
0.0 
3.69E-05 
4.69E-05 
5.52E-04 
1.13E-04 
0.0 
4.11E-04 
0.0 
0.0 
1.25E-04 
1.34E-04 
0.0 
6.BOE-05 
3.96E-04 
5.78E-09 
3. 15E-04 
4.12E-07 
7. 72E-04 

1.40 E-08 
1.89E-OI 

0.0 
8.48E-10 
1. 56E-06 
2.53E-06 

1. riE-os 

1. ~ ~ - 0 4  

4. 3 3 ~ 0 1  
2.94E-06 
4.34E-06 
0.0 
6.95E-07 
Lot€-04 
1.83E-00 
0.0 
1.6eE-os 
0.0 
3. ne06 
0.0 
1.62E-04 
0.0 
9.47E-oI 
4.3BE-06 
0.0 

BACK OF 
DERMI 5 

0.0 
5. 54E-04 
Lo%€-06 
4.8rE-05 
2.21E-05 
0.0.  
0.0 . *  
2 . 4 6 e 0 6 .  
1.8OE-05 
2.97E-04 
5. 13E-05 
0.0 
2.52E-04 
0.0 
0.0 
2 0 43E-0 5 
2.59E-05 
0.0 
2.23E-05 
1 58E-04 
0.0 
1. LlE-04 
3.13E-11 
4 . 1 S E O 4  
5. ME-06 
0.0 
4.95E-05 
2.4 1 E- 0 5 
0. 0 
0.0 . 
8.19E-11 
1.mE-09 
0.0 
6.14€-09 
1.OLE-06 
0.0 
0.0 
3.4QE-OS 
0.0 
0.0 
8.74E-06 
0.0 
1.42E-06 
0.0 
3.95E-OS 
0.0 
5.49E-04 
5.66E-07 
0.0 

AVER4GE OVER 
DERMIS 

6.11E-06 
9.64E-04 
5.17E-05 
2 5 8 E-04 
1,. 64 E-04 
0.0 
0.0. 
9 .  14E-OS 
6.59E-05 
5.96 E-04 
1.57E-04 
3.2QE-06 
4 5 LE-04 
0.0 
I .49E-01 
1.88E-04 
1.99E-04 
0.0 
1. 18E-34 
4 6 3E-04 

3.81E-04 
1.85E-06 

2.54E-05 
8.34E-04 

2.68E-05 

I .91E-04 

1. WE-05 
3.03E-05 

5.06E-05 
3.92E-05 
3.60E-05 
0.0 
4.22E-0 5 
1.63E-04 
2.696-05 
1 50E-01 
2.18E-35 
5.99E-06 
8.21E-06 
8. IZE-06 
2 .24E-04 
0.0 
1.OLE-03 
5. M E - 0  6 
0.0 

3.36E-05 

2.58E-04 

1.15E-08 

3.41E-05 

DEPTH OF 
70 MICQONS 

2.31E-05 
1.58E-03 
2. LSE-04 
6.95E-04 
5.05E-04 

0.0 
3.61E,-O& 
1.71E-04 
LOSE-03 

9.09E-06 
7.77E-04 
0.0 

5.68E-04 
5.98E-OI 
0.0 
3.74E-04 
9.96E-04 
6.16E-06 
8.79E-04 
l.24E-04 
1. 46E-03 

0.0 , . 

3.96E-04 

i . 5 r ~ - o 6  

1.05E-04 
8.4 rE- 05 
6.98E-04 
5. 7 1 E  -04 
4.59E-08 

1.50E-04 
5.02E-05 

1.64E-04 
1.3bE-04 
1. ?BE-04 
1.56E-04 
0.0 
1.40E-04 
4.75E-04 

7. 40E-05 
8. Q9E-05 

3.93E-05 
I. 94E- 05 

2.14E-05 
1.94E-05 

6.22E-04 
0.0 
1.68E-03 
1.32E-05 
0.0 

0 
0 
03 



ELECTRON. OOSE-RATE CONVERSICN FACTORS FOR SKtN FOR IMMERSION I N  CONTAMIWIED WATER 
IN SVNR PER BOACUBIC cni 

NUCLIDE 

OS-19OM 
OS-191  
OS-191M 
OS-193 
I R - 1 9 0  
I R - 1 9 0 1  
I R - 1 9 0 M  
IR-192 
I R-193M 
I R - 1 9 4  
1R-194M 
PI-191 
P I -193  
P I - 1 9 3 1  
PT-195M 
PT-197 
PI-197M 
AU-194 
411-195 
AU-195M 
AU-196 
AU-198 
AU-199 
HG-197 
HG-197M 
HG-20 3 
1L-200 
TL-201 
TL-202 
TL-204 
VL-20 7 
TL-208 
TL-209 
TL-210 
P8-203 
P8-204M 
P8-205 
P8-209 
P8-2 LO 
re-21 1 
P8-2 12 
Pa-214 
81-206 
81-207 
81-208 
81-210 
81-211 
81-212 
81-213 

HALF-LIFE 

9.9 M 
k5.4 0 

13.03 H 
30.0 H 

11.78 0 
1.2 H 
3.2 H 

74.02 0 
11.9 0 

19.15 H 
' 171 0 

2.71 0 
50 Y 

4.33 0 
4.02 0 
18.3 H 
94.4 M 
39.5 H 

30.6 S 
6.183 0 
2.696 0 
3.139 0 
64.14 H 

' 23.8 H 
46.60 0 
a26.1 H 

73.06 H 
12.23 0 
3.779 Y 

4.77 1 
3.053 H 

2.20 M 
1.30 H 

66.9 M 
1.51E7 Y 

3.253 H 
22.26 Y 

36.1 H 
10.643 H 

26.8 M 
6.243 0 

33.4 Y 
3.68E5 Y 
5.013 0 

2.13 M 
60.55 M 
45.65 M 

183 0 

52.02 H 

FRONT OF 
DERMIS 

1.38E-04 
2.55E-05 
1.68E-06 
6.96E-04. 
9.21 E-05 
0.0 
7.52E-06 
3.67E-04 
6. M E - 0 6  
1.82E-03 
1. WE-04 
3.77E-05 
0.0 
1.22E-04 
1.19E-04 
3.37E-04 
5.74E-04 
5.72E-05 
6.69E-06 
1. O7E-04 
5.09E-05 
6.39E-04' 
1.45E-04 
2. TOE-ob 
2.49E-04 
le2 lE -04  

1. SO€-05 
3.OOE-05 
4.85E-04 
1 05 E-03 
1 28 E-03 

1 53E-03 
9.52E-OS 
2.43E-04 
0.0 
3..33 E- 04 
0.0 
9. S2E-04 
2. U E - 0 4  
5 10E-04 
2. lTE-04 
2.64E-04 
1 Ob€-05 

2.03E-05 
1 03E-03 
9. ME-04 

5.46 E-05 

1.50E-03 

7.93E-04 

RIDPOINT OF 
DERW 5 

90296-06 
0.0 
0.0 
1.76E-04 
4.08E-06 
0.0 
0.0 
1 . 7 6 6 0 5  
0.0 
LOOSE-03. 
1.29605 
1.50E-06 
0.0 
0.0 
0.0 
2.08E-05 
5.47E-06* 
9.72E-06 
0.0 
1.72+09 
3.78E-07 
1 28E-04 
1 .56601  
0.0 
0.0 
0.0 
8.83606 
0.0 
2.OZE-06 
6.88E-05 
4.08E-04 
5.54E-04 
7.38E-04 
7 . 4 5 6 0 4  
1.72E-08 
1 08E-04 
0.0 
2.07E-05 
0.0 
3.49E-04 
9. bOE-07 
3.98E-05 
3.41E-05 
I. 48E-04 
8.72E-06 
2.34E-04 
1.lOE-07 
5.10E-04 
3.06E-04 

BACU OF 
DERMIS 

41 71E-07 
0.0 
0.0 
40 6%-05 
1.03E-07 
0.0 
0.0 
5.68E-07 
0.0 
6.31E-04 
9.7bE-07 
3.64E-09 
0.0 
0.0 
0.0 
6.54E-07 
6.23E-08 
4.01E-06 
0.0 
0.0 
0.0 
2.44E-05 
40 l2E-13 
0.0 
0.0 
0.0 
3.82E-06 
0.0 
0.0 
6.49€-06+ 
1 66E-04 

3.86E-04 
4.-OZE-04 
0.0 
4.9lE-05 
0.0 
5.4OE-07- 
0.0 
1.35E-04 
6.73E-09 
3.78E-06 
6.90E-06 
7.84E-05 
7.24E-06 
6.92E-0 5 
2.31E-10 
3.38E-04 
1.14E-04 

2.62E-04 

AVERAGE OVER 
DERMIS 

2.93E-05 

1 39 E-08 
2 41E-0 4 
1.8lE-Of 
0.0 
4.25E-08 
7.30E-05 
8.79E-08 
I I 1  E-03 
4.09E-05 
7 28 E-0 6 
0.0 
7.77E-06 
6.87F-06 
7.OZE-05 
9 94E-0 5 
1 e67E-35 
3.68E-07 
2 68E-05 
1 29E-05 
1.96E-04 

1.72E-06 

2.43E-05 
1.09E-07 
5.63E-05 
2.98E-05 
1.56E-05 
1. STE-0 6 
8. S O € - 0  6 
1 m28E-04 
4 74E-04 

8 -06 E-0 4 
6.2bE-04 

8.19E-04 
2.38E-05 
1 21E-04 
0.0 
6.93E-0 5 
0.0 
4.14E-04 
3. 78E-05- 
1. I ZE-04 
6 .OOE-05 
1.56E-04 
8.79E-06 
2.99E-04 
3.46E-06 
b 08E-04 
3.75E-04 

DEPTH OF 
70 MlCRONS 

1.19E-04 
1.4ZE-05 
1.16E-08 
6.58E-04 
7. 7lE-05 
0.0 
50 30E-06 
3.29E-04 + 
3.1 LE-0 7 
I 79E-03 
1.60E-04 
2.97E-05 
0.0 
7.90E-05 
7.03E-05 
3.00E-04 
5.29E-04 
5.34E-05 
2.10E-06 
9.09'5-05 
4. 62E-05 * 

6.02E-04 
1.09E-04. 
3.22E-07 
1. 79E-04 
9.8 2E-05 
5.14E-05 
8.51E-06 

4.5 IE-04 
l.OlE-03- 
l.24E-03 
1.46E-03 
1: 48E-03 
8.31E-05 
2.36f-04 
0.0 
3.00f-04 
0.0 
9.16E-04 
1.78E-04 
4.63E-04 
1.95E-04 
2.60E-04 

7.56E-04' 
1. 8bE-05 
1.OlE-03 
8.78E-04 

2.8 3E - 05 

1.06E-OS 



ELECTRON DOSE-RATE CONVERSIW FACTORS FOR SUIN FOR IMMERSION IN CONTAMINATE0 WATER 
I N  SV/YR PER BQllCUBIC C M I  

NUCL I OE 

81-214 
PO-209 
PO-2 IO 
PO-2 11 
PO-2 12 
PO-2 13 
PO-2 lk 
PO-215 
PO-2 I6 
Po-2 18 
AT-21 1 
AT-2 17  

RN-2 19 
RN-220 
RN-222 
FR-221 
FR-223 
RA-222 
RA-223 
R A-224 
RA-225 
RA-226 
R A-22 8 
AC-225 
AC-227 
AC-228 
TH-226 
YH-227 
TY-228 
TH-2 29 
TU-230 
TH-231 
TH-232 
TU-233 
+H-234 
P A-230 
PA-231 
PA-233 
PA-234 
P A-2 34M 
U-230 
U-231 
U-232 
u-233 
U-234 
-235 
U-236 
U-237 

RM-218 

HALF- L I FE 

19.9 M 
102 Y 

138.378 0 
0.516 S 

2.98E-7 S 
4.2E-6 S 

L.637E-4 S 
1.TT8E-3 s 

0.146 S 
3.05 M 

7.214 H 
0.0323 S 

0.035 5 
3.96 S 

55.61 S 
3.8235 0 

4.8 M 
21.8 M 
38.0 S 

11.434 0 
3.62 0 
14.8 0 
1600 Y 
5.75 Y 
10.0 0 

21.773 Y 
6.13 H 
30.9 M 

18.718 0 
1.9132 Y 
1.34E3 Y 
7.7E4 v 
25.52 H 

1.405E10 Y 
22.3 M 

24.10 b 
17.4 0 

3.276E4 Y 
27.0 0 
6.70 H 
1.11 M 
20.8 0 
4.2  0 

72 Y 
1.592E5 Y 
2.445ES Y 
7.038E8 Y 

2.3415E7 Y 
6.75 0 

FRONT OF 
OERMlS 

1 42E-03 
3.73E-07 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1 WE-09 
0.0 
0.0 
1.16E-05 
0.0 
0.0 
1.40E-05 
6 %E-04 
1.46E-06 
1.40E-05 

9.59E-05 
4.94E-06 
0.0 
2.01E-06 
0.0 
7.75E-04 
1.17E-05 
2. IlE-05 
1 69 €-06 
3.52 E-05 
5.33E-08 
6.79E-05 
9.19E-08 
8.26 G O 4  
1 64 E-05 
3.88E-05 
1.llE-05 
2. 33E-04 
7.OlE-04 
1.87E-03 
5.1SE-07 
1.08E-06 
1.65E-07 
2. 72E-08 
9.95 E-08 
9.05 E-06 
7.75E-08 
1.25E-04 

3.87E-06 

MIDPOINT OF 
DERMIS 

7.37E-04 
0.0 
0.0 
0.0 
0.0 ' 
0.0 
0 .0 '  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
6. SEE-08 
0.0 
0.0 
0.0 
1.70E-04 
1.61E-09 
5.12E-08 
0.0 
1 1 4 5 0 8  
0.0 
0.0 
0.0 
0.0 
2 65 E-04 
0.0 
8.31E-11 
0.0 
0.0 
0.0 
7.29E-11 
0.0 
2 56 E-W 
0.0 
1.74E-06 
2 66E-09 
8.27E-08 
7.90E-05 
1.08E-03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

BACK OF 
OERMI S 

4.30E-04 
0.0 
0.0 
0.0 
6.0 

. qe.0  
0.0 
'0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.22E-0 5 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1 1 3 6 0 4  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
8.28E-05 
0.0 
3.76E-08 
0.0 
0.0 
1 68E-0 5 
6.58E-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0' 
0.0 
0.0 

4VERAGE OVER 
OER(I1S 

8.00E-OI 
4.46E-11 
0.0 
0.0 

'0.0 
0 .0 .  
0 ;  0 
0.0 
0 ;o 
0.0 
1. LQE-12 
0.0 
0.0 
2.93E-06 
0 .o 
0.0 
2.24E-06 
2 36 E-04 
3.64E-01 
1.85E-0 5 
7 22E-0 7 
2.40E-05 
5.94E-0 7 
0.0 
1 .37E-O7 
0.0 
3.25E-04 
4.60E-07 

2.86E-08 
5 28E-06 

5.1bE-06 
2 68 E- 10 

3 .28E-09 

2 mO4E-06 
7 64E-0 6 

5.82E-05 

1 14E-03 
3.22E-08 
I .80E-08 
6.33 E-09 
3.29E-10 
3.09E-09 
L Z2E-0 6 
1.8TE-09 
2 6OE-05 

1.7OE-05 

3.22E-04 

2. TEE-06 

I .  7ZE-04 

OEPTH OF 
70 MICRONS 

1.39E-03 
3;03E-07 
0.0 

.o. 0 
0.0 
0.0 
0.0 
0.0 
0.0' 
0.0 , 

0.0 
0.0 
0.0 
1.02E-05 
0.0 
0.0 
1.13E-05 
6.53E-04 
1.32E-06 
6.02E-05 
3.28E-06 
7.46E-05 
3.8 7E-06 
0.0 
6.37E-07 
0.0 
*.*LE-06 7.33E-04 

1.73E-05 
1.53E-07 
2.12E-05 
0.0 
4.86E-05 
4.46E-08 
r . e 9 ~ - 0 4  
8.35E-06 
3.4ZE-05 
9.43E - 0 b 

5.85E-04 
1.95E-04 

.1.83E-03 
1.73E-07 
8. 4 3~ - oe 
8.54E-08 
1. W E - 0 9  
4.1 7E- 08 
6.01E-06 
2.30E-08 
8.38E-05 

22 
0 



. ' 0  IW 0r)SE-RATE CONVERSICN FACTORS FOR S K I N  
lhl S V / Y R  PER 8Q/(CUBIC CP! 

NUCL I O E  

U-238 
U-239 
U-240 
NP-235 
NP-236 
Y P-2 3 6M 
NP-237 
NP-238 
NP-239 
YP-240 
NP-240M 
PU-236 
PU-237 
PU-238 
PU-239 
PU-240 
PU-241 
PU-242 
PU-243 
W-246 
PU-245 
PU-246 
AM-241 
AM-242 
AM-242M 
&Y-243 
AM-244 
AM-245 
AM-246 
CM-242 
CW-243 
CM-244 
CM-245 
CM-246 
CW-241 
CM-248 
CW-249 
CY-250 
8K-249 
BK-250 
8K-251 
CF-248 

CF-250 
CF-251 
CF-252 
CF-253 
Ct-254 
ES-253 

CF-249 - 

HALF-LIFE 

4.468E9 Y 
23.40 M 

3-96. 1 0 
14.1 H 

1.15E6 Y 
22.5 H 

2.14E6 Y 
2.117 0 
2.355 0 

6 5  M 
7.4 Y 

2.851 Y 
45.3 0 

87.75 Y 
24131 V 

6531 Y 
14.4 Y 

3.758E5 Y 
4.956 H 

8.26E7 Y 
10.51 H 
10.85 0 
432.2 Y 
16.02 H 

152 Y 
7.38E3 Y 

10.1 H 
122.4 M 
25.0 M 

163.2 0 
28.5 Y 

18.11 Y 
8.5E3 Y 

4.75E3 Y 
l .56Ef Y 
3.39E5 Y 
64.15 M 
6.9E3 Y 

320 D 
3.222 H 

51.0 M 
333.5 0 
350.6 Y 
13.08 Y 

2.639 Y 
17.81 0 
60.5 0 

20.467 D 

9.OE2 Y 

FPONT OF 
DERMIS 

6.11 E-08 

1.65E-04 

1 3bE-04 
1. M E - 0 4  

4.22E-04 
2.7lE-04 
5.92E-04 
1 30 GO3 
0.0 
8.85E-08 
0.0 
0.0 
0.0 
0.0 
0.0 
2.49E-04 
0.0 
5.96E-04 
3. M E - 0 5  
8.89E-08 
2.66E-04 
2.12E-09 
2.3OE-01 
3. B E - 0 4  

'5.17E-04 
9. WE-04 
0.0 
1 23E -04 
0.0 
4. %E-05 
0.0 
2.14E-OS 
0.0 
5.14E-04 
0.0 
3.30E-06 
5.34E-04 
7.27E-04 
0.0 
2.64E-05 
2.07E-08 

1.95E-08 
6.63E-05 
0.0 
0.0 

8.14E-04 

2.83E-09 

3.62E-06 

2. 02r-o* 

I . 

FOR IMMERSION I N  CONTAMINATED 

MIOPOINT OF 
OERMI S 

0.0 
2. SlE-04 
7.23E-07 
0.0 
2.52E09 
2.97E-06 
0.0 
1.29E-04 
1.76E-06 
6.23E-05 
6.3SE-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
7.39E-06 
0.0 
9.09E-05 
8.10E-10 
0.0 
1.51E-0s 
0.0 
0.0 
3.85E-05 
7.55E-05 
3.23E-04 
0.0 
0.0 
0.0 
0.0 
0.0 
1.31E-07 
0.0 
8. 70E-05 

060 
1.23E-04 
1.97E-04 
0.0 
9.08E-08 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0' 

BACK 

WATER 

OF 
DERMI 5 

0.0 
7.9BE-05 
0.0 
0.0 
0.0 
2 94E-0 8 
0.0 
4.34E-05 
7.48E-08 
5.60E-06 
3.36E-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
5.41E-08 
0.0 
1.96E-05 
0.0 
0.0 
4.08E-Of 
0.0 
0.0 
9.29E-06 
l.llE-05 
1.32E-04 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
li31E-05 
0.0 
0.0 
4.64E-05 
5.36E-05 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0; 0 

AVERAGE OVER 
O E R Y I S  

1 34E-09 

4.16E-05 

3.4bE-05 
2. LOE-05 
2 AlE-07 
1 63E-0 4 
4 64 E-0 5 
1 41 E-04 
6.96E-04 
0.0 
9.19E-10 
0.0 
0.0 
0.0 
0.0 
0.0 
4.64E-05 
0.0 
1. 63E-04 
7.6%-06 
2 e22E-09 
5 48E-0 5 
7 6 7 E- 12 

8.26E-05 
1 386-04 
3.08E-04 
0.0 
2 98 E-0 5 
0.0 
4.73E-06 
0.0 
5 41 E-3 6 
0.0 
1.46E-04 
0.0 
1 82E-07 
1 f9E-04 
2 6 I E-04 
0.0 
6.64E-06 
2.2OE-LO 
3 4 f E-0 5 
2 2 7E- LO 
1 rn 72E-05 
0.0 
0.0 

3.16E-04 

2.6OE-11 

2.68E-09 

DEoW PF 
ro M I C ~ Q Y S  

1.53E-08 

1.38E-04 
7.77C-04 

4.47E- 1 1 
8.4 ?E -0 5 
9.97E-05 
1.43E-06 

2.15E-04 
5.18E-04 
1.27E-03 
0.0 
2.39E-09 
0.0 
0.0 
0.0 
0.0 
0.0 
2.1 BE-04 
0.0 
5.4fE-04 
2.17E-05 
1. 04E-08 
2.39E-04 
0.0 
2.435-09 
2.645-01 

3.96E-04 

4. ICE-04 
8.68E-04 
0.0 
9 33E-05 
0.0 
2; 98E-05 
0.0 
1. B8E-05 
0.0 
4; f9E-04 
0.0 
1.10E-06 
4.99E-04 
6.91E-04 
0.0 
2.16E-05 
6.2 1 E - I O  
L54E-04 
8.50E-IO 
4.85E-05 
0.0 
0.0 



ELECTRON DOSE-RATE CONVERSICN FACTORS FOR S K I N  FOR I ' IMERSION I N  CONTAMINATE0 WATER 
I N  SV/VR PER BQ/(CUBIC C H I  

WONT O f  MIOPOINT OF BACK OF 
NUCL IO€ HALF-L I FE OERMIS DERMI S D E R M I S  

E 5-254 
ES-254M 
ES-255 
FW-254 
FM-255 
FM-256 

215.7 0 8. 52E-08 0.0 
39.3 H 2.9BE-04 4.04E-05 
39.8 0 5.13E-05 0.0 

3.240 H 1.57E-07 0.0 
20.07 H 2 30E-06 0.0 
157.6 N 0.0 0.0 

0.0 
8.80E-06 
0.0 
0.0 
0.0 
0.0 

AVER4GE OVER 
O E R M I S  

'lel5E-09 

L .42E-05 
7. B L  €-os 

3 b8E-09 
3.28E-08 
0.0 

OEPTH OF 
10 MlClONS 

3.98E-09 
2.68E-04 
4. LSE-05 
3.30E-08 
L.22E-01 
0.0 



31 3 

OOSE-R9TE CONVERSION FhCTORS FOR S K I N  FOR IMMERSION I N  CONTAHINATED UATER 
I N  S V I Y R  PER BQ/(CUSIC CM8 

VALUES FOR ELECTRONS CORRESPOND TO A DEPTH OF 70 MICRONS 

NUCL I D E  

H-3 
BE-7 
BE-10 
t-11 
C-14 
N-13 
N-16 
0-15 
F- 18 
NA-22 
N A-2 4 
YG-27 
YG-2 8 
AL-26 
AL-2 8 
SI-31 
SI-32 
P-32 
P-33 
5-35 
CL-36 
CL-38 
AR-3? 
AR-39 
AR-41 
K - 4 0  
K-42 
K-43 
CA-41 

CA-47 
c4-49 
SC-44 
SC-46 
SC-46M 
sc-47 
SC-48 
sc-49 
TI-44 
T 1-45 
Tf-51 
v-48 
v-49 
V-52 
CR-49 
C R - 5 1  
MN-52 
MN-52M 
MN-53 

CA-45 

HALF-L I FE 

12.28 Y 
53.44 0 
1.6E6 Y 
20.48 H 

5 . 7 3 ~ 3 .  Y 
9.97 M 
7.13 S 

122.24 S 
109.74 H 
2.602 Y 
15.00 H 
9.458 H 
20.91 H 
7.2E5 Y 
2.240 H 
157.3 H 
3o3E2 Y 
14.29 0 
25.4 0 

87.44 0 
3o01E5 Y 

37.21 M 
35.02 0 

269 Y 
1.827 H 

1.277E9 Y 
12.36 H 

22.6 H 
1.03E5 Y 

162.7 D 
4.536 0 
8.719 H 
3.927 H 
83.80 0 
18.72 S 
3.422 0 
43.67 H 

5704 M 
47.3 Y 

5.752 H 
3.08 H 

15.971 0 

3.75 M 
42.09 M 

27.704 0 
5.591 0 

21.4 M 
3.7E6 Y 

330 0 

PHOTON 

0.0 
1.95E-04 
0.0 
4.0 1 E-03 
0.0 
4.01 E-03 
2.08E-02 
4.02E-03 
3.89E-03 
8.80E-03 
1-81 E-02 
3.69E-03 
5.55E-03 
1.13E-02 
7. 66F-03 
3.61 E-06 
0.0 
0.0 
0.0 
0.0 
3.37E-10 
6.57E-03 
5.38E-08 
0.0 
5.22E-03 
60 34E-04 
1.13E-03 
3. 83E-03 
1.2SE-07 
5.43E-13 
4.32F-03 
1.43E-02 
8.60 E-03 
8.30E-03 
3.48E-04 
4.19E-04 
1 38E-02 
4 45 E-06 
5.55E-04 
3.43E-03 
1.44F-03 
1.19E-02 
3.79E-07 
5.87E-03 
40 l2E-03 
1.22E-04 
1.41E-02 
90 66E-03 
7. O ~ E - O ~  

EL EC TRON 

0.0 
0.0 
3.OlE-04 
7.43E-04 
6.17E-06 
1.00E-03 
6 55 E-03 
1.59E-03 
4.02 E-04 
3.00E-04 
1.15E-03 
1.51E-03 
1 90 E-04 
8.13E-04 
2.84E-03 
1.25E-03 
2.32E-05 
1.49E-03 
4.05E-05 
7. 91 E-06 
4.16E-04 
3.60E-03 
0.0 
3 47 E-04 
9.31E-04 
9.28E-04 
3.32E-03 
5.50E-04 
0.0 
4.24E-05 
6.4TE-04 
1 92E-03 
1.27E-03 
1 06 -04 

2.16E-04 
3.4TE-04 
1.80E-03 
8 . 3 6 6 0 9  
7.43E-04 
1 91 E-03 
2.59E-04 
0.0 
2 4 E 0 3  
I 27E-03 
0.0 
1 16E-04 
2.57E-03 
0.0 

4.96 [-OS 

TOTAL 

0.0 
1 95E-04 
3. 01E-04 
40 76E-03 
60 17E-06 
5 O2E-03 
2.74E-02 
5.61E-03 
4.29E-03 
9.10E-03 
1.92E-02 
5. 20E-03 
5.74E-03 
I. 21E-02 
Lo05E-02 
1 25E-03 
2 32E-05 
1.49E-03 
4.05E-05 
7.91E-06 
4.16E-04 
1.02 E-02 
5.38E-08 
3.47E-04 
6.15E-03 
1 56E-03 
4.45E-03 
4.38E-03 
1.2SE-07 
4.24E-05 
4.96E-03 
1.62E-02 
9.87E-03 
8o4lE-03 
3.98E-04 
6.35E-04 
1 42E-02 
1 81 E-03 
5.55E-04 
4. LIE-03 
3 35E-03 
1.22E-02 
3.79E-07 
8.28E-03 . 
5.38E-03 
1 22E-04 
1 42E-02 
1.22E-02 
7. O ~ E - O ~  



31 4 

DOSE-RATE CONVERSION FACTORS FOR SKIN FOR IMMERSION I N  CONTAMINATED WATER 
IN S V / Y S  PER BOf(CU0IC C M I  

VALUES FOR ELECTRONS CORRESPOND f0 4 DEPTH OF 70 M I C R O N S  

NUCLIDE 

MN-54 
MN-56 
MN-57 
FE-52 
F E-5 5 
FE-59 
CO-56 
CO-5 7 
CO-58 
CO-58M 
C 0-6 0 
CO-6OM 
CO-6 1 
N 1-56 
N!-57 
N! -59 
NI  -63 
N!-65 
CU-6 1 
CU-6 2 
CU-64 
CU-67 
ZN-62 
ZN-6 5 
ZY-6 9 
ZN-69M 
GA-66 
GA-67 
GA-68 
GA-72 
GE-68 
GE-71 
GE-77 
AS-72 
AS-7 3 
AS-74 
AS-76 
AS-77 
SE-73 
SE-75 
s E-79 
BR-7 7 
0R-80 
BS-BOW 
BR-82 
0R-83 
BR-84 
9R-85 
KR-79 

HaLF-L! FE 

312.7 0 
2.5785 H 

1.47 M 
8.275 H 

2.7 Y 
44.63 0 
70.76 0 
270.9 D 
70.80 0 

9.15 H 
5.271 Y 
10.47 f4 
1.650 H 

6.10 0 
36.08 H 
7.5E4 Y 
100.1 Y 
2.520 H 
3.408 H 

9.74 M 
12.701 H 
61.88 0 

9.26 H 
244.4 D 

55.6 M 
13.76 H 
9.40 H 

3.261 D 
68.0 H 
14.1 H 
288 0 

11.8 0 
11.30 H 

26.0 H 
80.30 0 
17.77 D 
26.32 H 

38.8 H 
7.15 H 

119.78 0 
6.5E4 Y 
57.04 H 

17.4 M 
4.42 H 

35.30 H 
2.39 H 

91.80 M 
172 S 

35.04 H 

PHOTON 

3.45E-03 
7.23E-03 
2 90 E-04 
2 08F-03 
9.3OE-07 
4.87E-03 
1.53E-02 
4.75E-04 
3.99E-03 
1.35E-06 
1.02E-02 
1.93E-05 
3.65E-04 
6 96 E-03 
7.86E-03 
1.57E-0.6 
0.0 
2. 24E-03 
3.25E-03 
3.96E-03 
7.46E-04 
4.43E-04 
1 78E-03 
2.39E-03 
2.32E-08 
1.62E-03 
1.07E-02 
5.65E-04 
3.75E-03 
1. I f € - 0 2  
3. TOE-06 
3.74E-06 
4.25E-03 
7.UE-03 
3. WE-05 
3 04 E-03 
1. 73E-03 
3.33E-05 
4.28E-03 
1 49E-03 
0.0 
1.24E-03 
2.98E-04 
5.70E-05 
1 08 E-02 
2.94E-05 
7.77E-03 
2.7kE-04 
9.96E-04 

EL EC TR ON 

0.0 
1.83E-03 
2.49E-03 
3.62E-04 
0.0 
1.24E-04 
2.54E-04 
3.05E-06 
4m41E-05 
0.0 
7.57E-05 
2.97E-06 
9.27E-06 
2.61E-06 
2.61E-04 
0.0 
0.0 
1 34 E-03 
6.29E-04 
2 95E-03 
1.9OE-04 
1 73 E-04 
3.32E-05 
2.20E-06 
5.88E-04 
4.93E-0 5 
2.26E-03 
2.55E-06 
1 6 2E-03 
1 O3E-03 
0.0 
0.0 
1 39 E-03 
2.35E-03 
0.0 
5 30E-04 
2.42E-03 
3. TOE-04 
70 85E-04 
4.86E-06 
8.36E-06 
3.72E-06 
1.58E-03 
0.0 
1.60E-04 
5.87E-04 
2.89E-03 
2.26E-03 
3.21E-05 

TOTAL 

3.45E-03 
9.06E-03 
2 786-03 
3.24E-03 
9.3OE-07 
4. WE-03 
1 56E-02 
4.78E-04 
4.03E-03 
1.35E-Ob 
1 O3E-02 
2 23E-0 5 
1.29E-03 
6. 96E-03 
8.12E-03 
1 57E-06 
0.0 
3.58E-03 
3.88E-03 
6.91E-03 
9.37E-04 
6.16E-04 
1 82E-03 
2 . 3 9 E 0 3  
5.88E-04 
1.67E-03 
1 29E-02 
5.67E-04 
5 0 37E-0 3 
I. 27E-02 
3. TOE-06 
3.74E-06 
5.64E-03 
9.58E-03 
3.09E-05 
3.57E-03 
4.15E-03 
4.03E-04 
5.07E-03 
1.50E-03 
8.36E-06 
1.25E-03 
1.88E-03 
5. 7OE-05 
1. WE-02 
6.16E-04 
1.07E-02 
2.53E-03 
1 0 3 6 0  3 



31 5 

DOSE-RATE CONVERS ION FACTORS FOR S K I N  FOR I M M E R S I O N  I N  CONTAMINATE0 WATER 
IN S V / Y R  PER RQ/(CUBIC C M I  

VALUES FOR ELECTRONS CORRESPOND TO A DEPTH OF 70 MICRONS 

NUCL I D E  

KR-8 1 
KR-83H 
KR-85 
KR-85M 
KR-87 
K9-88 
KR-89 
KR-90 
RB-81 
RB-82 
RB-83 
RB-84 
R 8-86 
RE-87 
RB-88 
R8-89 
RB-90 
RB-90M 
SR-82 
s a-85 
SR-85M 
SR-87M 
SR-89 
SR-90 
SR-91 
SR-92 
s R-93 
Y-86 
Y-87 
Y-88 
Y -90 
Y-90M 
Y-91 
Y-91Y 
Y-92 
Y -93 
ZR-86 
ZR-88 
ZR-89 
ZR-93 
ZR-95 

N0-90 
NB-9 1 
NB-91M 
NE-92 
N8-92M 
N8-93H 
NB-94 

ZR-97 

HAL F L  I FE 

201E5 Y 
1-63 H 

10.72 Y 

76.3 M 
4.48 n 

2.84 n 
3.16 M 

32.32 S 
4.58 H 
1.25 fi 
86.2 0 
32.9 0 

18.66 0 
4.73E10 Y 

17.8 H 
15.44 H 

157 s 
258 S 

25.0 0 
64-64 D 
67.66 H 
2.805 H 
50.55 0 

28.6 Y 
9.5 H 

2.71 H 
7.3 M 

14.74 ti 
80.3 H 

106.60 0 
64.1 H 
3.19 H 

58.51 0 
49.71 M 

3.54 H 
10.1 H 
16.5 H, 
83.4 0 

78.43 H 
1.53E6 Y 
64.02 0 
16.90 H 
14-60 H 

1E4 Y 
6 1  D 

3.6E7 Y 
10.15 0 

14.6 Y 
2e03E4 Y 

PHOTON 

4- 5lE-05 
2 0 96 E-06 
8. 78E-06 
6.09E-04 
3.41E-03 
8.63E-03 
7.79E-03 
5.24E-03 
2.38E-03 
4.33E-03 
1.98E-03 
3.66E-03 
3.91 E-04 
0.0 
2.76E-03 
8.82E-03 
9.46E-03 
1.41E-02 
1.OlE-05 
2.02E-03 
8.23E-04 
1 24E-03 
5.67E-07 
0.0 
2.83E-03 
5.43E-03 
9.28E-03 
1 49E-02 
1 80 E-03 
1 s  15E-02 
0.0 
2.46E-03 
1. 48E-05 
2. L O € - 0 3  
1.04E-03 
3.72E-04 
1 O8E-03 
1.49F-03 
4- 75E-03 
0.0 
3.00E-03 
7-36E-04 
1.80E-02 
2.19E-05 
1 88E-04 
6.12E-03 
4.OOE-03 
3 0 00 E-06 
6.46E-03 

ELECTRON 

0.0 
0.0 
4.35E-04 
4.53E-04 
3.06E-03 
7.03E-04 
3.17E-03 
3.01E-03 
3.77E-04 
3.25 E-03 
0.0 
3.37E-04 
1.45E-03 
4 69E-05 
5.00E-03 
2. 31 E-03 
4- 71E-03 
3.24E-03 
0.0 
7.26E-06 
9- 54E-06 
1 42 E - 0 4  
1.25E-03 
3.05 E-04 
1.41E-03 
3.06E-o* 
2.01E-03 
40 80E-04 
3 00 E-06 
1 48E-06 
2.llE-03 
1. 01 E-04 
1 29E-03 
6 30E-05 
3.39E-03 
2.71 E-03 
1.67E-05 
2.21 E-05 
1.94E-04 
0.0 
1.18E-04 
1. 5 0 5 0 3  
7.82E-04 
1.24E-07 
1.41E-05 
3 355-06 
0.0 
0.0 
1.83E-04 

TOTAL 

4.51E-05 
2.96E-06 
4.44E-04 
1 O6E-03 
6 47E-03 
9 34E-0 3 
1.10E-02 
8.26E-03 
2.75E-03 
7.58E-03 
1 98E-03 
4.OOE-03 
1 84E-03 
4.69E-05 
7.75E-03 
l o l l € - 0 2  
1.42E-02 
1 74E-02 
1.OlE-05 
2.03E-03 
8e33E-04 
1.38E-03 
1.25 E-03 
3.05E-04 
4.24E-03 
5 74E-03 
1- 13E-02 
1.54E-02 
1.80E-03 
1.15E-02 
2.llE-03 
2.56E-03 
1 31E-0 3 
2. 17E-03 
4.43E-03 
3.08E-03 
1e10E-03 
1.5lE-03 
4. %E-03 
0.0 
3.1 lE-03 
2- 24E-03 
1.88E-02 
2.2OE-05 
2.02E-04 
6.13E-03 
4.00E-03 
3.00E-06 
6e64E-03 



31 6 

DOSE-RATE CONVERSION FACTORS FOR S K I N  FOR I M M E R S I O N  I N  CONTAMINATE0 WATER 
?N SV/YR PER BQfICUBIC CW) 

VALUES FOR ELECTRONS CORRESPOND TO A OEPTH OF 70 MICRONS 

NUCL I D €  

NB-94H 
NB-95 
NB-95c 
N 0-9 6 
NB-97 
NB-97H 
40-91 
M0-93 
WO-99 
MO-101 
TC-95 
TC-95M 
TC-96 
TC-96M 
TC-97 
TC-97M 
TC-98 
TC-99 
TC-99M 
TC-10 1 
RU-97 

RU-105 

RH-103M 
RH-105 
RH-105M 
RH-106 
PO-1 03 
PO-107 
PO-109 
AG-lO6M 
AG-108 
AG-1084 
AG-109H 
AG-110 
AG-I l O M  
AG-111 
CD-109 
CO-11 1M 
CD-113 
CO-IL3W 
CO-115 
CO-115M 
CD-I17 
CD-ll7M 
IN-111 
IN-113H 
IN-114 

RU-103 

au-106 

HALF-LIFE 

6.26 M 
35.06 0 

86.6 H 
23.35 H 

72.1 M 
60 S 

15.49 M 
3.5E3 Y 
66.02 H 
14.61 M 
20.0 H 

6 1  0 
4.28 D 
51.5 M 

2.6E6 Y 
89 0 

4.2E6 Y 
20'13E5 Y 

6.02 H 
14.2 H 
2.9 0 

39.35 D 
4.44 H 

368.2 0 
56.119 H 

35.36 H 
45 s 

29.92 S 
16.961 0 
6.5E6 Y 

13.453 H 
8.46 0 
2.37 M 

I 2 7  Y 
39.6 S 

24.57 S 
249.85 0 

7.46 0 
464 0 

48.7 M 
9.3E15 Y 

13.7 Y 
53.46 H 
44.6 D 
2.49 H 
3.36 H 
2.83 0 

1.658 H 
71.9 S 

PHOTON 

2.86E-05 
3.13E-03 
2.37E-04 
1 . 01 E-02 
2.68E-03 
2.97E-03 
3.86E-03 
1.68E-05 
6.26E-04 
6.20E-03 
3.23E-03 
2.69E-03 
1.03E-02 
1.80E-04 
1 93E-0 5 
1.72E-05 
5.65E-03 
2 06E-09 
4.90E-04 
1 s 33E-03 
8.92 6 0 4  
1.90E-03 
3.15E-03 
0.0 
3.12E-06 
2.99E-04 
1 20E-04 
8.27E-04 
2.75E-05 
0.0 
2.71E-06 
1 14E-02 
7.OlE-05 
6.44E-03 
2.93E-0 5 
1.23E-04 
1.12E-02 
1 02 E-04 
3. ME-05 
1.08E-03 
0.0 
0.0 
8.03 E-04 
9.02F-05 
4.44E-03 
8.72E-03 
1.52E-03 
9.96E-04 
L.27E-04 

ELECTRON 

4.16E-06 
7.52E-06 
3.12E-04 
4.24E-04 
9 4 1E-04 
3.50E-05 
3.37E-03 
0.0 
7.65E-04 
1.08E-03 
2 20 E-06 
1.18E-05 
2.31E-06 
0.0 
0.0 
6.59E-06 
1.28E-04 
5.70E-05 
9.33E-06 
9.53E-04 
1.09E-05 
4.07E-05 
7.84E-04 
0.0 
0.0 
2.03E-04 
5.75E-05 
3.27E-03 
0.0 . 
0.0 
6.84E-04 
6.66E-06 
1 29E-03 
1.31E-05 
2.836-06 
2.7OE-03 
7.30E-05 
6 0 60 E-04 
0.0 
1.03E-04 
7.2 7E-05 
2.70E-0* 
5.7lE-04 
1.28E-03 
8.59E-04 
3.17E-04 
3.87E-05 
2.81E-04 
1.68E-03 

TOTAL 

3.27E-05 
3.13E-03 
5. 49E-04 
1 O5E-0 2 
3.62E-03 
3.00E-03 
7.23E-03 
1.68E-05 
1 39E-0 3 
7.27E-03 
3.23E-03 
2. 7OE-03 
1.03E-02 
1.80E-04 
1 93E-05 
2.38EO5 
5.78E-03 
5. 7OE-05 
4.99E-04 
2 . 28E-0 3 
9.03E-04 
1. %E-03 
3.93E-03 
0.0 
3.12E-06 
5.01E-04 
1 77E-04 
40 10E-03 
2.75E-05 
0.0 
6.87E-04 
1 14E-02 
1.36E-03 
6.46E-03 
3.2lE-05 
2.82E-03 
1.12E-02 
7.6lE-04 
3.06E-05 
1.18E-03 
7.27E-05 
2 7OE-04 
1 37E-03 
1 37E-03 
5 30E-03 
9.04E-03 
1 55E-03 
1. 28EO3 
1.81E-03 



31 7 

OOSE-RATE CONVERSION FACTORS FOR S K I N  FOR I M M E R S I O N  I N  CONTAMINATE0 WATER 
IN SVIYR PER Bw(cu8rc CHI 

VALUES FOR ELECTRONS CORRESPONO TO A OEPTH OF 70 MICRONS 

NUCLIDE 

I N- 1 14M 
IN-115 
IN-1 15M 
IN-1 16M 
IN-117 
I N-1 1 7H 
SN-113 , 
SN-117M 
SN-119H 
SN-123 
SN-125 
SN-126 
58-117 
SB-122 
SB-124 
SB-125 
5.8-126 
SB-1264 
SO-127 
58-129 
TE-12 1 
TE-12 1 M  
TE-123 
TE-123M 
TE-125M 
TE-127 
TE-127M 
TE-129 
TE-129M 
TE-131 
TE-13lM 
TE-132 
TE-133 
TE-133H 
TE-134 
1-122 
1-123 
1-124 
1-125 
1-126 
I-LZ8 
1-129 
1-130 
1-131 
1-132 
1-133 
1-134 
1-135 
I- 136 

HAC F L  I FE 

49.51 D 
406E15 Y 

4036 H 
54.15 M 
43.8 M 

116.5 M 
115.1 0 
13.60 0 
293.0 0 
129.2 0 
9.64 0 

1oOE5 Y 
2.80 H 
2.70 0 

60.20 0 
2.77 Y 
1204 0 
19.0 M 
3.85 O 
4.40 H 
16.8 0 
154 0 

1E13 Y 

58 0 

109 0 

119.7 0 

9.35 H 

69.6 M 
33.6 0 
25.0 H 
50 H 

78.2 H 
12.45 M 

55.4 M 
41.8 M 
3.62 M 

13.13 H 
4.18 0 

60.14 0 
12.93 0 
24.99 M 

1 . 5 7 E 7  Y 
12.36 H 
8.040 0 
2.30 H 
20.8 H 
52.6 M 
6.61 H 

83 S 

PHOTON 

3.68E-04 
0.0 
6.25E-04 
1.02E-02 
2.72E-03 
3. ME-04 
5.94E-05 
5.83E-04 
2.53E-05 
2. 85E-05 
1 27E-03 
2.08E-04 
6.87E-04 
1.77E-03 
7.74E-03 
1 69E-03 
I .  LLE-02 
6. 30E-03 
2.65E-03 
5. 89E-03 
2 26E-03 
8 LTE-04 
3. 14E-05 
5.53E-04 
80 90E-05 
1 87E-05 
2.83E-05 
2. 20E-04 
1 47 E-04 
1.67E-03 
5. 84E-03 
8. 55E-04 
3e75E-03 
9.16E-03 
3 47 E-03 
3. 85E-03 
6. 36E-04 
4.31E-03 
1.05E-04 
1 s 84E-03 
2.95E-04 
6. TIE-05 
8.59E-03 
10 48E-03 
9.34E-03 
2.42E-03 
1. 08E-02 
6. 53E-03 
1.08E-02 

ELECTRON 

1 .92604 
1.95E-04 
3.39E-04 
5045E-04 
4.31E-04 
9. 04E-04 
0.0 
1 38E-04 
0.0 
1 11 E-03 
1.82E-03 
3. 4 4 E 0 5  
2. 30E-05 
1.19E-03 
1.45E-04 
9.08 E-05 
5.58604 
1 .27603 
5. 73E-04 
6085E-04 
6.10E-06 
2.OOE-05 
0.0 
2.05E-05 
2.02E-05 
3.58E-04 
1 09 E-05 
1008E-03 
4.68E-04 
1.52E-03 
2. 67E-04 
4.80E-05 
1.81.E-03 
1. 5lE-03 
1.38E-04 
2 38 E-03 
1 76 E-05 
4.35 E-04 
0.0 
2045E-04 
1 67E-03 
3 .7OE-06  
5.10E-04 
2. 77E-04 
9.99E-04 
8.04E-04 
1.29E-03 
7 09 E-04 
4. 84E-03 

TOTAL 

5 61E-04 
1 95E-04 
9.64E-04 
1.07E-02 
30 1%-03 
1 25E-03 
5 0 94E-0 5 
7. 2OE-04 
2.53E-05 
1.14E-03 
3. WE-03 
2 42E-0 4 
7. 10E-04 
2096E-03 
8. 49E-03 
1.7BE-03 
1016E-02 
7 56E-03 
3.22E-03 
6.58E-03 
2. 26E-03 
8. 37E-04 
3 0 14E-0 5 
5. 73E-04 
1 09E-04 
3. 77E-04 
3.93E-05 
1030E-03 
6. IS€-04 
30 L9E03 
6.llE-03 
9. 03E-04 
5. 56E-03 
1 O7E-0 2 
3.6lE-03 
6. 23E-03 
6. 54E-04 
4. 74E-03 
1 0%-04 
2.08E-03 
1 96E-03 
7. 1 3 E - 0 5  
9. LOE-03 
1.76E-03 
1.03E-02 
3. 22E-03 
1.21E-02 
7. 23E-03 
L 56E-02 



31 8 

DOSE-RATE CONVERSION FACTORS FOR S K I N  FOR I M M E R S I O N  I N  CONTAMINATED WATER 
I N  S V / Y 4  PER BO/(CUBIC CPt  

VALUES FOR ELECTRONS CORRESPOND 10 A.  DEPTH OF 70 MICRONS 

NUCL I DE 

XE-122 
XE-123 
XE-12 5 
XE-127 
XE-129M 
XE-131H 
XE-133 
XE-133M 
XE-1 35 
XE-135M 
XE-137 
XE-138 
CS-126 
C 5-1 29 
CS-131 
CS-132 
CS-134 
CS-134M 
CS-135 
CS-136 
CS-137 
cs-138 
C S-139 
8A-131 
BA-133 
O A - 1  33W 
0A-135H 
B A-1 3 7 M  
8A-139 
0A-140 
0A-141 
81-142 
LA-140 
LA-141 
LA-142 
CE -1 39 
CE-141 
CE-143 
CE-144 
PR-142 
PR-143. 
pa-144 
PR-144W 
NO-147 
NO-149 
PH-143 
PM-144 
PM-145 
PH-146 

H AL F-L 1 FE 

20.1 H 
2.14 H 
16.8 H 

36.406 0 
6-89 0 

'11.84 0 
5.245 D 

2.19 D 
9.11 H 

'15.36 M 
3.83 M 

14.13 M 
1.64 4 

32.06 H 
9.688 D 
6.475 D 
2.062 Y 

2.90 H 
2.3E6 Y 
13.16 D 
30.17 Y 

32.2 H 
-9.40 H 
11.8 0 
10.5 Y 
38.9 H 
28.7 H 

83.1 M 
12.789 0 
18.27 M 
10.70 Y 
40.22 H 

3.94 H 
95.4 H 

137.66 D 
32.50 0 

33.0 H 
284.3 D 
19.13 H 
13.56 0 
17.28 M 

7.2 H 
10.98 0 

1.73 H 

2.552 M 

265 0 
363 D 

17.7 Y 
2020 0 

PHOTON 

2 66 E-04 
2.51E-03 
1 00E-03 
1 04E-03 
1.50E-04 
5.73E-05 
1.62E-04 
1 38E-04 
9.47E-04 
1 69 E-03 
7.45E-04 
4.82E-03 
40 45 E-03 
1 06E-03 
6.11E-05 
2 8%-03 
6 e 30 E-03 
9.26E-05 
0.0 
8.87E-03 
0.0 
9.88 E-03 
1.29E-03 
1.82E-03 
1.47E-03 
2.4lE-04 
2. 15E-04 
2 40E-03 
1.36E-04 

3.56E-03 
3.68E-03 
9.57E-03 
l o  74E-04 
1.19E-02 
50 96E-04 
2.94E-04 
1 WE-03 
7.25E-05 
2.4lE-04 
3.63E-11 
1 38E-04 
3.57E-05 
5 42 E-04 
1.48E-03 
1 25E-03 
6.  21E-03 
1 03 E-04 
3.OOE-03 

7.42E-04 

ELECTRON 

2.0 1E-06 
3.43E-04 
2.55E-05 
2 0 84 E-05 
i.23E-04 
1 37E-04 
8.65E-05 
3. Ob€-04 
5.72E04 
2.2 E 0 4  
4. L9E-03 
1.33E-03 
3. lZE03  
6.95E-06 
0.0 
1.40E-05 
2.46E-04 
5 0 1E-05 
1 63 E-05 
1. 23E-04 
2.39E-04 
2- 80E-03 
3.90E-03 
2.18E-05 
1.62E-05 
3.77E-04 
3.67E-04 
1 52E-06 
1 99 E-03 
4.9 1 E-04 
1.88E-03 
9.10E-04 
1.10E-03 
2.llE-03 
1 89 E-03 
2.23E-05 
1.91E-04 
8 o l 6 E - 0 6  
5.83E-05 
1.83E-03 
5 0 77 E-04 
2. 77E-03 
0.0 
3 89 E-04 
9. 26E-04 
2 0 40 E-06 
1 90 E-05 
8.81E-11 
1 63E-04 

TOTbl  

2.68E-04 
2.85E-03 
1. 03E-03 
1.06E-03 
3 73E-04 
1 95E-0 4 
2 48E-04 
40 44E-04 
1 52E-03 
1 92E-03 
40 94E-03 
6.15E03 
7.57E-03 
1 07E-03 
60lLE-05 
2.87E-03 
6.54E-03 
1.43E-04 
1 63E-05 
8.99E-03 
2.39E-04 
1.27E-02 
5. i w - 0 3  
1 84E-03 
1.49E-03 
6.lTE-04 
5.82E-04 
2. 56E-03 
2.13E-03 
1.23E-03 
50 44E-03 
4 59E-0 3 
1.07E-02 
2.29E-03 
1 30E-02 
6 0 17E-04 
4. 85E-04 
1 . 87E-03 

2.OIE-03 
l o 3 1 E - 0 4  

5.77E-04 
2.90E-03 
3.57E-05 
9.31E-04 
2.41E-03 
1025E-03 
6. B E - 0 3  
1 03E-04 
3.16E-03 
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DOSE-RATE CONVERS ION FACTORS FOR S K I N  F@R IYWERSION I N  CONTAMINATED W T E R  
IN SVIYR PER aoi(cueic CM) 

V4LUES FOR ELECTRONS CORPESPQNO TO A DEPTH OF 70 MICRONS 

NUCL IOE 

PY-147 
PM-148 
PM-148W 
PM-149 
PM-15 1 
SY-147 
SM-151 
SM-153 
EU-152 
EU-152M 
EU-154 
EU-155 
EU-156 
GO-152 
GO-153 
GO-159 

' GO-1 62 

78-160 
TB-162 
DY-157 
Or-165 
OY-166 
HO-166 
HO-166H 
ER-169 
ER-1 71 
TM-170 
T I C 1 7 1  
Y8-169 
Y8-175 
LU-177 
LU-177Y 
Hf-181 
fA-182 
w-181 
W-185 
W-181 
w-188 
RE-1 82 
RE-le2M 

RE-1 84 
RE-1 84M 
RE-186 
RE-187 

US-185 
OS-186 

~ 8 - 1 5 7  

. R E - L 8 3  

~ ~ - 1 8 8  

HALF-L I f  E 

2.6234 Y 
5.37 0 
41.3 D 

53.08 H 
28.40 H 

1.069Ell Y 

46.1 H 
13.6 Y 
9.32 H 

8.8 Y 
4.96 Y 

15.19 D 
l . lE14 Y 
241.6 0 
18.56 H 

9.7 H 

72.3 0 
7.16 M 
8.06 H 

2.334 H 
81.6 H 

26.80 H 
1.20€3 Y 

9.40 0 
7-52 H 

128.6 0 
1.92 Y 

31.97 0 
4.19 0 

90 Y 

150 Y 

'6.71 0 
160.10 0 
42.39 ' 0  

114.14 ' 0  
120.95 0 

15.1 0 
23.83 H 
69.4 0 
64.0 t i  
12.7 H 

70 0 

169 0 
38.0 0 

90.64 H 
4.7E10 Y 

16.98 H 
93.6.0 

2.OE15 Y 

PHOTON 

1 36E-08 
2.33E-03 
8 0 00 E-03 
4.50E-05 
1.31E-03 
0.0 
1.60E-08 
2.28E-04 
4.666-03 
1.29E-03 
5. 12E-03 
2.34E-04 
5.7lE-03 
0.0 
4.OSE-OL 
1.53E-03 
1.64E-03 
1.49E-05 
4.43E-03 
4 45 E-03 
1 34 E-03 
1.00E-04 
1.48E-04 
1.15E-04 
6.43E-03 
1.67E-08 
1 43E-03 
2.03E-05 
2. 53E-06 
1 rn 18E-03 
1.52E-04 
1e34E-04 
3.81E-03 
2.12E-03 
5. Z ~ E - O ~  
1.52E-04 
1 03 E-07 
1.90E-03 

7.03E-03 
4.90E-03 
5.9lE-04 
3.66E-03 

6.13E-06 

1 .'55€- 03 
7.97E-05 
0.0 
2.30E-04 
2.84E-03 
0.0 

EL EC TR ON 

2.31 E-05 
1.58 E-03 
2.15E-04 
6.95E-04 
5.05E-04 
0.0 
0.0 
3.61 E-04 
I 71 E-,O4 
1 05E-03 
3. 96E-04 
9.09E-06 
1.77E-04 
0.0 ' 
1 51E-06 
5.68E-04 
5.98E-04 
0.0 . 
3.14E-04 
9 96E-04 
6.76E-06 
8 79 E-04 
1 24 E 0 4  
1.46E-03 
1 O S € - 0 6  
8.47E-05 
6.98E-04 
5.77E-04 
4.59E-08 
5.OZE-05 
1.50E-04 
1 64E-04 
1 36 E-04 
1.78E-04 
1.56E-04 
0.0 
1 40 E;04 
4.75E-04 
8.49E-05 
7.40E-05 
3.93E-05 
1 94E-05 
1 94E-05 
2.14E-05 
6.22E-04 
0.0 
1.68E-03 
1.32E-05 
0.0 

TOTAL 

2.31E-05 
30 91E-03 
8.2lE-03 
7.40E-04 
1.81E-03 
0.0 
1 60E-0 8 
fe89E-04 

2.34E-03 
5.51E-03 
2-43E-04 
6.49E-03 
0.0 
4. (ME-04 
7.22E-04 
2.24E-03 
1.49E-0 5 
4.80E-03 
5 45 E-03 
1- 35E-03 
90 80E-04 
2.7LE-04 
1.58E-03 
6 53E-03 
8.47E-OS 
2.13E-03 
5 0 98E-04 
2.58E-06 
1 23E-03 
30 OZE-04 
2.98E-04 
3.94E-03 
2.3OE-03 
5 s 44E-0 3 
1 52E-04 
1. 41E-04 
2.38E-03 
9.16E-05 
7.llE-03 
4 94E-03 
6.llE-04 
3. b8E-03 
1. 51E-03 
1mOZE-04 
0.0 
1.91E-03 
2. 86E-03 
0.0 

4. e 3 ~ - 0 3  
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OOSE-R4rE CONVERSION FACTORS FOR S K I N  FOR IMMERSION I N  CONTAMINATED WATER 
I N  S V / Y R  PER BQ/(CUBIC CPD 

VALUES FOR ELECTRONS CORRESPOND TO A DEPTH OF 70 MICRONS 

NUCL I DE 

OS-190M 
OS-191 
OS-19LY 
os-1 93 
IR-190 
I R- 1 9 0 M  
IR-190M 
IR-192 
I R - 1 9 3  
I R-194 
IR-194M 
PT-191 
PT-193 
PT-193M 
PT-195M 
PT-197 
PT-19 7Y 
AU-I94 
AU-195 
AU-195M 
4U-196 
AU-198 
411-199 
HG-197 
HG-197Y 
HG-203 
TL-200 
TL-201 
TL-202 
TL-204 
TL-207 
TL-208 
TL-209 
TL-2 IO 
P8-203 
P8-204Y 
08-205 
Pa-209 
PB-210 
P8-211 
08-212 
Pa-2 14 
81-206 
BI-207 
BI -208 
81-210 
81-211 
81-212 
BI-213 

HAL F - L  I FE 

~ 9.9 M 
15.4 0 

13.03 H 
30.0 H 

11.78 0 
l e 2  H 
3.2 H 

74.02 0 
11.9 0 

19.15 H 
171 0 

2.71 0 
50 Y 

4.33 D 
4.02 D 
18.3 H 
94.4 N 
39-5 H 

. 183 0 
30.6 S 

6.183 0 
* 2.696 0 

3.139 0 
64.14 H 
23.8 H 

46.60 D 
26.1 H 

' 73.06 H 
12.23 D 
3.779 Y 

4.77 M 
3.053 M 

2.20 M 
1.30 M 

52.02 H 
66.9 M 

1.S1E7 Y 
3.253 H 
22.26 Y 

36.1 M 
10.643 H 

26.8 M 
6.243 0 

33.4 Y 
3.68E5 Y 

5.013 0 
2.13 M 

60.55 H 
45.65 Y 

PHOTON 

6. 24E-03 
2.81F-04 
1. 96E-05 
2.62E-04 
5.52E-03 
1.86F-06 
1.86E-04 
3.18E-03 
3- 11 E-06 
3.60E-04 
9.22E-03 
1.13E-03 
1 81 E-06 
4- 34E-05 
2.78E-04 
9. 17E-05 
3- 14E-04 
4 4 3 E -03 
3 24 F-04 
7.62F-04 
1.83E-03 
1. 57E-03 
3.42E-04 
2.66E-04 
3.55E-04 
8.75E-04 
5.29E-03 
3 56E-04 
1 82 E-03 
4.3OE-06 
9.00E-06 
1 49E-02 
8.62E-03 
1.16E-02 
1.17E-03 
8.55E-03 
2. NE-06 
0.0 
9.52E-06 
2.05E-04 
5.65E-04 
9.61E-04 
1035E-02 
6.28E-03 
1.20E-02 
0.0 
1083E-04 
7.53E-04 
5 43E-04 

EL fC TRON 

L.19E-04 
I .  42E-05 
1.16E-08 
6.58E-04 
7.71 E-05 
0.0 
5. 30E-06 
3 29 E-04 
3.11 E-07 
1 79 E-03 
1 60E-04 
2.97E-05 
0.0 
7 90E-05 
7.03E-05 
3.00E04 
5.29E-04 
5.34E-05 
2.lOE-06 
9.09E-05 
4. b2E-05 
6. 02E-04 
1 09E-04 
3.22E-07 
1 79E-04 
9; 82E-05 
50 14E-05 
8. SI€-06 
2.83E-05 
4.5 LE-04 
1.01E-03 
1.24E-03 
1.46E-03 
1.48E-03 
8. 31E-05 
2.36E-04 
0.0 
3. 00E-04 
0.0 
9.16E-04 
1 78E-04 
4.63E-04 
1e95E-04 
2 60E-04 
1.06E-05 
7.56E-04 
1 86 €-OS 
1.01 E-03 
8.78E-04 

TOTAL 

6 35E-0 3 
2 95E-04 
1. 96E-05 
9.20E-04 
5.6OE-03 
1. 86E-06 
I.91E-04 
3.51E-03 
3. 42E-06 
2.15E-03 
9. 38E-03 
1 l6E-03 
1.81E-06 
1 Z2E-04 
3.48E-04 
3.92E-04 
8.43E-04 
4.48E-03 
3.26E-04 
8. 53E-04 
1.88E-03 
2. 17E-03 
4 SO€-04 
2.66E04 
5.34E-04 
9.73E-04 
5 34E-03 
3 65 E-04 
1 85 E-03 
4. 55E-04 

1e62E-02 
1.01E-02 

1; OZE-03 

1.30E-02 

8.79E-03 
2.3OE-06 
3 s  00E-04 
9 5 2E-06 
1 12E-03 
7.43E-04 

l e  25E-03 

1.42E-03 
1.36E-02 
6.54E-03 
1.2OE-02 
7. 56E-04 
2002E-04 
1 76E-03 
l e  42E-03 
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OOSE-RATE CONVERS ION FACTORS FOR SKIN FFR IHMEPSION I N  COYTAMINATED WATER 
IrJ S V I Y R  PER BQ/fCUBIC C M I  

VALUES FcR ELECTRONS C O R R E S P ~ N D  TO A DEPTH OF 70 MICRONS . 

NUCL I C E  HALF-LIFE PHOTON ELECTRON TOTAL 

01-214 
PO-209 
PO-2 IO 
Po-21 1 
PO-2 12 
PO-2 13 
PO-2 14 
PO-2 15 
PO-216 
PO-2 18 
AT-21 1 
AT-2 17 
RN-2 18 
RN-2 19 
4N-220 
RN-2 2 2 
FR-221 
FS-223 
RA-222 
RA-223 
RA-224 
RA-225 
RA-226 
RA-228 
AC-22 5 
AC-2 27 
AC-228 

. TH-226 
TH-227 
TH-228 
TH-2 29 
TH-230 
TH-231 
TH-2 32 
TH-233 
TH-234 
PA-230 
PA-231 
PA-233 
PA-234 
PA-234Y 
U-230 
U-231 
U-232 
U-233 
U-234 
u-235 
U-236 
U-237 

19.9 M 
102 Y 

138.378 D 
0.516 S 

2.98E-7 S 
. 4.2E-6 S 
1.637E-4 S 
1.778E-3 S 

0.146 S 
3.05 M 

000323 S 
0.035 S 

3.96 S 
55.61 S 

3.0235 D 
4.8 M 

21.8 H 

11.434 0 
3.62 D 
14.8 0 
1600 Y 
5.75 Y 
10.0 D 

210773. Y 
6.13 H 
30.9 M 

18.718 D 
1.9132 Y 
7.34E3 Y 
7.7E4 Y 
25.52 H 

1.405ElO Y 
22.3 M 

24.10 0 
17.4 D 

3.276E4 Y 
27.0 0 

1.17 M 
20.8 D 
4.2 0 

72 Y 

7.214 H 

38.0 S 

6.70 n 

1.592E5 . Y  
2.445E5 Y 
7.038E8 Y 

2.3415E7 Y 
6.75 D 

6.31 E-03 
1 40E-05 
3.50E-08 
3.17E-05 
0.0 
1.25E-07 
3.43E-07 
5.80E-07 
5.96E-08 
0.0 
1.50E-04 
9.48E-07 
3.02E-06 
2.20E-04 
2.07F-06 
1 53E-06 
1. LIE-04 
1 98E-04 
3.54E-05 

3.81 E-05 
50 19E-04 

4.35E-05 
2.56E-05 
2.60E-I2 
5.43E-0 5 
6 4OE-07 
3.80E-03 
3.OTE-05 
4. U6E-04 
8.80E-06 
3.43E-04 
2 66 E-06 
6.17E-05 
1 85E-06 
1.35E-04 
3.25E-05 
2.69E-03 
1.25E-04 
8.25E-04 
8.01E-03 
4.72E-05 
6.04E-Ob 
2.84 E-04 
20 I T € - 0 6  
1.45E-06 
2.1lE-06 
5 76E-04 
1 90 E-06 
5.34E-04 

1 0  39E-03 
3 03E-07 
0.0 
0.0 
0 .0  
0.0 
0 .0 
0.0 
0.0 
0 .0  . 
0.0 
0.0 
0.0 
1.02E-05 
0.0 
0.0 
1.13E-OS 
6.53E-04 
1.32E-06 
6.OZE-05 
3.28E-06 
7.46E-05 
3.87E-06 
0.0 
6.37E-07 
0.0 
7.33E-04 
4.41E-06 
1.73E-05 
1.53E-07 
2.12E-05 
0.0 
4.  86E-05 
4.46E-08 
7 89 E-04 
8.3 5 €-Ob 
3.42E-05 
9 43E-06 
1.95E-0* 
5.85E-04 
1a83E-03 
1 73E-07 
8.43E-08 
8.54E-08 
1 37E-09 
4 .  17 E-08 
6.OlE-06 
2.30E-08 
8038E-05 

7. 7OE-03 
1 43E-05 
3 50E-08 
3 0  l7E-05 
0.0 
10 25E-07 
3.43E-07 
5.80E-07 
5096E-08 
0.0 
1 50E-04 
9.48E-07 
3.02E-06 
2. 3lE-04 
2 07E-06 
1 53E-06 
1. 29E-04 
8. 51E-04 
3.67E-05 
5.79E-04 
4 .  14E-05 
1.18E-04 
2.9%-05 
2.60E-12 
5.50E-05 
6.4OE-07 
4.53E-03 
3; 5LE-05 
4.24E-04 
8.96E-06 
3065E-04 
2.66E-Ot 
1. 10E-04 
1 89E-06 
9.23E-04 
40 09E-0 5 
2.72E-03 
1 34E-04 
10 OtE-03 
8.59E-03 
1 88E-03 
6.2lE-06 
20 84E-OI 
2a86E-06 
1 4SE-06 
2.15E-06 
5.82E-04 
1.92E-06 
6. 18E-06 
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DOSE-RATE CONVERSION FACTORS FOR S K I N  FOR IMMERSION I N  CONTAMINATED WATER 
I N  SV/YR PER BQ/(CUBIC CHI 

VALUES FOR ELECTQONS CORRESPOND TO A DEPTH OF 70 MICRONS 

NUCL I OE 

U-238 
U-239 
U-240 
NP-2 3 5  
NP-236 
NP-236W 
NP-237 
NP-238 
NP-239 
NP-240 
N P-2 4 OM 
PU-236 
PU-237 
PU-238 
PU-239 
PU-240 
PU-241 
PU-242 
PU-243 
PU-244 
OU-245 
PU-246 

AM-242 

AM-243 
AH-244 
AM-245 

CM-242 
CM-243 
CM-244 
C H-24 5 
CM-246 
CM-247 
CM-248 
CM-249 
CM-250 
BK-249 
BK-250 
BK-25 1 
CF-248 
CF-249 
CF-250 
CF-251  
CF-25 2 
CF-253 
CF-254 
E$-253  

an-241 

n n - 2 4 2 ~  

a y - 2 4 6  

HAL F L  1FE 

4.468E9 Y 
23.40 H 

14.1 H 
396.1 0 

1.15E6 Y 
22.5 H 

2.14E6 Y 
2.117 D 
2.355 D 

6 5  M 
7.4 M 

2.851 Y 
45.3 0 

81.75  Y 
24131 Y 

6 5 3 7  Y 
14.4 Y 

3.758E5 Y 
4.956 H 

8.26E7 Y 
10.57 H 
10.85 0 
432.2 Y 
16.02 H 

1 5 2  Y 
7.38E3 Y 

10.1 H 
122.4 M 

25.0 Y 
163.2 0 

28.5 Y 
18.11 Y 
8.5E3 Y 

4.75E3 Y 
1.56E7 Y 
3.39E5 Y 

64.15 M 
6.9E3 Y 

3 2 0  0 
3.222 H 

57.0 M 
333.5 0 
350.6 Y 
13.08 Y 
9.OE2 Y 
2.639 Y 
17.81 0 
60.5 0 

20.467 0 

PHOTON 

1.67E-06 
1.93E-04 
1.04F-05 
1.34E-05 
5.16E-04 
2.02E-04 
1 04E-04 
2.29E-03 
6 46 E-04 
4.68E-03 
I 33E-03 
2. 47E-06 
1 93E-04 
2.12E-06 
9.81 E-07 
2.03E-06 
0.0 
l o 6 9 E - 0 6  
9.40E-05 
1 43 E-06 
1.67E-03 
3.71E-04 
9.36E-05 
5.80E-05 
7.12E-06 
2.17E-04 
3.28E-03 
I. 20E-04 
4.03E-03 
2.31E-06 
4.92 E-04 
2.04E-06 
20 79E-04 
lm81E-06 
1 23E-03 
1.45E-06 
7. 49E-05 
0.0 
0.0 
3.68603 
0.0 
1.69E-06 
1 27E-03 
1.74E-06 
4.52E-04 
1 61 E-06 
2.85E-08 
7.40E-11 
2.11E-06 

ELECTRON 

1 5 3  E-08 
7.77E-04 
1 38E-04 
4.47E- 11 
8.47E-05 
9.9?E-05 
1.43E-06 
3.96E-04 
2.15E-04 
5. 18E-04 
1.21E-03 
0.0 
2.39E-09 
0.0 
0.0 
0.0 
0.0 
0.0 
2.18E-04 
0.0 
5 . 4 7 E 0 4  
2.17E-05 
1.84E-08 
2.39E-04 
0.0 
2.43E-09 
2 64E-04 
4.74604 
8. 68E-04 
0.0 
9.33E-05 
0.0 
2 . 9 8 E 0 5  
0.0 
1 88E-05 
0.0 
4. 79E-04 
0.0 
1.10E-06 
40 99 E-04 
6.91E-04 
0.0 
2.16E-05 
6.21 E-10 
1.54E-04 
8.50E-LO 
4.85E-05 
0.0 
0.0 

TOTAL 

1 68E-06 
9. TOE-04 
1 49E-04 
1.34E-05 
6.OOE-04 
3.02E-04 
LOOSE-04 
2 69E-03 
8.6OE-04 
5.20E-03 
2.60E-03 
2.41E-06 
1.93E-04 
2.12E-06 
9. 81E-07 
2.03E-06 
0.0 
1 69E-0 6 
3.12E-04 
1.43E-06 
2.21E-03 
3.99E-04 
9.36E-05 
2.97E-04 
7.12E-06 
2.17E-04 
3.54E-03 
5.95E-04 
4.90E-0 3 
2.31E-06 
5.85E-04 
2. W E - 0 6  
3.08E-04 
1.81E-06 
1 24E-03 
1 . 4 5 E 0 6  
5.54E-04 
0.0 
1. LOE-06 
4.18E-03 
6.91E-04 
1.69E-OC 
1.29E-03 
L.74E-06 
6.05E-04 
1.61E-06 
4.86E-05 
7.40E-11 
2 . l l E - 0 6  
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03SE-R4TE CONVERS ION F A C T O R S  FOR S K I N  FOR IYNERSI(3N I N  CONTAMINATED WATER 
IN S V / Y R  PER BQ/(CUBIC C P )  

VALUES FOR ELECTRONS CORRESPOND TO A DEPTH OF 70 MICRONS 

NUCL I D E  H4L F-L I FE P H T O N  ELECIRON 

ES-254 275.7 0 3.24E-05 3.98E-09 
39.3 H 2.26E-03 2.68E-04 ES-254M 

ES-255 39.8 0 1.27E-01 4.15E-05 
F Y-2 54 3.240 H 1.9%-06 3.30E-08 
FY-255 20.07 H 2.OSE-05 1.22E-07 
FY-256 157.6  M 0.0 0.0 

TOTAL 

3.24E-05 
2.53E-03 
4.16E-05 
1.99E-06 
2.06E-05 
0.0 
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DOSE-RATE CONVERSION FACTORS FOR EXPOSURE 1 M ABOVE CONTAMINATED GROUND SURFACE 

OOSE R A T E  A T  BODY SURFACE F3P GRCiUNO-SURFACE CONCENTRATION OF 

NUCLIDE 

H-3 
B E-7 
B E-1 0 
C - 1 1  
C-14 
N-13 
Y-16 
0-15 
F-18 
Y4-2 2 
NA-24 
HG-27 
MG-28 
AL-26 
Al-28 
SI-31 
51-32 

'P-32 
P-33 
5-35 
CL-36 
Cl-38 
AR-37 
AR-39 
AR-41 
K-40 
U-42 
K-43 
CA-41 
C A-45 
C A-4 7 
C A 4 9  
sc-44 
SC-46 
Sd-46H 
s c-4 7 
sc-48 
St-49 
T 1-44 
T 1-45 
11-51 
v-48 
v-49 
V- 52 
C R-49 
CR-5 1 
YN-52 
WN-52M 
HN-53 

H4L F-L I FE 

12.28 Y 
53.44 D 
Le6E6 Y 
20.48 M 

5.73E3 Y 
9.97 H 
7.13 S 

122.24 S 
109.74 M 
2.602 Y 
15.00 H 

. 9.458 H 
20.91 H 
7.2E5 Y 
2.240 H 

3.3E2 Y 
14.29 0 
25.4 0 

87.44 D 
3.01E5 Y 
'37.21 H 
35.02 D 

157.3 H 

269 Y 
1.827 H 

1.277E9 Y 
12.36 H 
22.6 H 

1.03E5 .Y 
. 162.7 0 
4.536 D 
8.719 H 
32927 H 
83.80 D 
18.72 S 
3.422 D 

.43.67 H 
57.4 H 

. 47.3 Y 
3.08 H 

5.752 H 
15.971 0 

330 0 
3.75 M 

42.09 W 
27.704 0 
5.591 D 

21.4 M 
3.7E6 Y 

PHOTON 
DOSE R A T E  

( S V / Y R I  

0.0 
2.39E-05 
0.0 
4.86E-04 
0.0 
4.86F-04 
1.18E-03 
4.87E-04 
4.7lE-04 
9.57E-04 
L.44E-03 
3.93E-04 
5 92 E-04 
1-00 E-03 
6.63E-04 
3.61E-07 
0.0 
0.0 
0.0 
0.0 
3.55E-09 
5.38E-04 
5.27E-07 
0.0 
5.2lE-04 
6.14E-05 
1.08E-04 
4.60E-04 
1 09E-06 
2.46E-I2 
4.36E-04 
9.88E-04 
9.48E-04 
8.64E-04 
4.51E-05 
5.37E-05 
1.4lE-03 
3.9lE-07 
7.736-05 
4. IS 6 0 4  
1 78E-04 
1 24E-03 
2.90E-06 
5.72E-04 
5.03E-04 
1.94E-05 
1.48E-03 
1.03E-03 
5.06E-06 

ELECTRON 
OOSE R A T E  

t SV/YR 1 

0.0 
0.0 
6.29E-05 
1.09E-03 
0.0 
1. 78E-03 
5.86E-03 
2.98E-03 
109ZE-04 
5.98E-.05 
2.13E-03 
2.81 E-03 
6.36E-06 
1. 44E-03 
4.35E-03 
2.34E-03 
0.0 
2.78E-03 
0.0 
0.0 
2 97 E-04 
4.11 E-03 
0.0 
1. L O € - 0 4  
1 62E-03 
1.69E-03 
4.55E-03 
6.32 E-04 
0.0 
0.0 
7 90 E-04 
3.36 E-03 
2.41E-03 
8.15E-08 
0.0 
3.45E05 
1 72 E-04 
3.25 E-03 
0.0 
1.21E-03 
3.37E-03 
1 90 E-04 
0.0 
3.94E-03 
2.40E-03 
0.0 
3.39E-05 
4.13E03 
0.0 

I BO PER SQUARE C Y  

TOTAL 
OOSE RATE 

4 SV/YR 8 

0.0 
2.39E-05 
6.29E-05 
le57E-03 
0.0 
2.27E-03 
7.04E-03 
3.47E-03 
6.63E-04 
1.02E-03 
3.57E-03 
3.20E-03 
5.98E-04 
2.52E-03 
5.OZE-03 
2 34E-03 
0.0 
2.78E-03 
0.0 
0.0 
2.97E-04 
4.64E-03 
5.27E-07 
1.1OE-04 
2.14E-03 
1 75E-03 
4.65E-03 
1. *E-03 
lm09E-06 
2.46E-12 
1.23E-03 
4.35E-03 
3.36E-03 
8.64E-04 
4.51E-05 
8.83E-05 
1.58E-03 
3.25E-03 
7 73E-0 5 
1.63E-03 
3.55E-03 
1.43E-03 
2.90E-06 
4.51E-03 
2.90E-03 
1 94E-05 
1.51E-03 
5.17E-03 
50 06E-06 



DOSE-RATE CONVERSION FACTORS FOR EXPOSURE 1 H ABOVE CONTAMINATED GROUND SURFACE 

DOSE RATE AT BOOY SURFACE FOR GROUND-SURFACE CONCENTRATION OF 1 80 PER SQUARE CM 

NUCL I Q E  

MN-54 
MM-56 
MY-5 7 
FE-52 
F E-5 5 
FE-59 
Crl-56 
CO-5 7 
CO-58 
CO-58M 
c o d 0  
C O d O M  
C 0-6 I 
NI-56 
NI-57 
NI-59 
N 1-63 
N 1-65 
CU-6 I 
CU-62 
CU-64 
CU-67 
ZN-62 
ZN-65 
ZN-69 
ZN-69M 
GA-66 
G A-6 7 
G A-6 8 
GA-72 
GE-68 
GE-71 
G E-7 7 
AS-72 
AS-73 
AS-74 
A S-76 
AS-77 
SE-73 
SE-75 
SE-79 
8R-77 
8R-80 
BR-8OM 
BR-82 
8R-83 
8R-84 
BR-85 
KR-79 

HALF-LIFE 

312.7 0 
2.5785 H 

1.47 M 
8.275 H 

2.7 Y 
44.63 0 
78.76 0 
270.9 0 
70.80 0 
9.15 H 

5.271 Y 
10.47 H 
1.650 t i  
6.10 0 

7.5E4 Y 
100.1 Y 
2.520 H 
3.408 H 

9.74 M 
12.701 H 
61.88 0 

9.26 H 
244.4 D 

55.6 H 
13.76 H 
9.40 H 

3.261 0 
68.0 H 
14.1 H 

288 0 
11.8 0 

11.30 H 
26.0 H 

80.30 0 
17.77 0 
26.32 H 

38.8 H 
7.15 H 

119.78 0 
6.5E4 Y 

36.08 H 

57.04 H 
i 7 . 4  M 
4.42 H 

35.30 H 
2.39 H 

31.80 H 

35004  H 
172 S 

PHOTON 
OQSE RATE 

t S V I Y R  8 

3. 79E-04 
6.83E-04 
4.68E-05 
3 57E-04 
6 49 E-06 
4. 93E-04 
1.42E-03 
8.10E-05 
40 49E-04 
8.82E-06 
1 02 E-03 
1 13E-05 
4.78E-05 
7.88E-04 
7.92E-04 
1.04E-05 
0.0 
20 22E-04 
3.93E-04 
4 80 E-04 
90 54E-05 
6.OOE-05 
2.35F-04 
2.60E-04 
2. 92E-09 
2 0 02 E-04 
9.43E-04 
9.62E-05 
4052E-04 
1.07E-03 
2.14E-05 
2.17E-05 
4. 88E-04 
8. I6E-04 
5.82E-05 
3.70E-04 
I. 93E-04 
4. 21E-06 
5.46F-04 
2.22E-04 
0.0 
1 83E-04 
3.69E-05 
6.1SE-05 
1.17E-03 
3. 54E-06 
6.54E-04 
2.88E-05 
I. 53E-04 

EL EC TR ON 
DOSE RATE 

( S V I Y  R l  

0.0 
2 77 E-03 
4 .00E03  
3.93 E-04 
0.0 
7.51E-06 
4.79E-04 
0.0 
2.20E-06 
0.0 
0.0 
5.5lE-06 
1.63E-03 
0.0 
3. O2E-04 
0.0 
0.0 
2.22E-03 
1.11E-03 
4.46E-03 
7.68E-05 
1.59E-05 
1 . 3 3 5 0 5  
0.0 
7. 48E-04 
3.76E-05 
2.73E-03 
0.0 
2.98E-03 
1.47E-03 
0.0 
0.0 
2. 36E-03 
3.74E-03 
0.0 
8.36E-04 
3.76E-03 
2.29E-04 
1.455-03 
0.0 
0.0 
0.0 
2.84E-03 
0.0 
2.39E-06 
7.59E-04 
3.68E-03 
3.73E-03 
1 32E-0 5 

TOTAL 
OQSE RATE 

t SV/Y R 1 

3. 79E-04 
3. 45E-03 
4.05E-03 
7. 5OE-04 
6 49E-06 
5. 00E-04 
I 90E-03 
8 0 10E-05 
4. 51E-04 
8.82E-06 
1.02E-03 
1 68E-05 
1 68E-03 
7. 88E-04 
I 09E-03 
1 04E-05 
0.0 
2.45E-03 
1.51E-03 
4 0 9 4 ~ - 0  3 
1.72E-04 
7. 59E-05 
2048E-04 
2.60E-04 
7. 48E-04 
2. GOE-04 
3 67E-03 
9.62E-05 
3.44E-03 
2 0 54E-03 
2 0 14E-05 
2. l7E-05 
2. 85E-03 
4.56E-03 
5. 82E-05 
l.21E-03 
3 96 E-03 
2 33E-04 
2. 00E-03 
2. 22E-04 
0.0 
1 83E-04 
2.88E-03 
6.14E-05 
1.l7E-03 
7. 62E-04 
4 33E- 0 3 
3.75E-03 
1 66E-04 
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DOSE-RATE CONVERSION FACTORS FOR EXPOSURE 1 M ABOVE CONTAMINATED GROUND SURFACE 

DOSE RATE AT BODY SURFACE FOR GROUND-SURFACE CONCENTRATION OF 

NUCLIDE 

KR-8 1 
KR-83M 
KR-85 
KR-85M 
KR-8 7 
KR-88 
KR-89 
KR-90 
R8-81 
RE-82 
RB-83 
RE-84 
R8-86 
RE-87 
RB-88 
RB-89 
RB-90 
RB-SOH 
SR-82 
SR-85 
SR-85M 
SR-87M 
SR-89 
SR-90 
SR-91 
SR-92 
SR-93 
Y-86 
Y-87 
Y-88 
Y-90 
Y-90Y 
Y-91 
Y-91M 
Y-92 
Y-93 
ZR-86 
ZR-88 
ZR-89 
ZR-93 
ZR-95 
29-97 
NB-90 
NB-9 1 
NB-9LM 
N 8-92 
NB-92M 
NB-93Y 
N 8-9 4 

HAL *L I FE 

2.1E5 Y 
1.83 H 

10.72 Y 
4.48 H 
76.3 M 
2.84 H 
3.16 M 

32.32 S 
4.58 H 
1.25 M 
86.2 0 
32.9 0 

18.66 D 
4073ElO Y 

15.44 H 
17.8 !4 

157 S 
258 S 

25.0 0 
64.84 b 
67.66 M 
.2.805 H 
50.55 0 
28.6 Y 
9.5 H 

2.71 H 
7.3 M 

14.74 H 
80.3 H 

106.60 0 
' 6 4 . 1  H 

3.19 H 
58.51 D 
49.71 M 

3.54 H 
10.1 H 
16.5 H 
83.4 0 

78.43 H 
1.53E6 Y 
64.02 D 
16.90 H 
14.60 H 

1E4 Y 
6 1  0 

3.6E7 Y 
10.15 D 

14.6 Y 
2.03E4 Y 

P,HOTOW 
DOSE RATE 

I S V / Y R l  

3.78E-05 
1.32E-05 
1 06E-06 
8. 18E-05 
3. LO€-04 
7. 2OE-04 
7.09 E-04 
5.33E-04 
3.27E-04 
5.20E-04 
2. 74E-04 
4.31E-04 
4.00E-05 
0.0 
2.40E-04 
8.  t2E-04 
6.95E-04 
1.20 E-03 
3. 87E-05 
2. 83E-04 
1.13E-04 
1.63E-04 
6. 00E-08 
0.0 
3.OZE-04 
5.39E-04 
9. 50E-04 
1 54E--03 
2.59E-04 
1. 09E-03 
0.0 
3.12~-04 
1 49 E-06 
2. 52 E-04 
1 08 E-04 
3. 70E-05 
2.llE-04 
2 26 E-04 
5.45E-04 
0.0 
3.35E-04 
7.78E-05 
1. WE-03 
3.77E-05 
4.51E-05 
7. 10E-04 
4.55E-04 
6. Ob€-06 
7.09E-04 

ELECTRON 
DOSE RATE 

( SV/YR 1 

0.0 
0.0 
3 40 E-04 
4. 4QE-04 
4.17E-03 
8.23E-04 
4. l7E-03 
4.27E-03 
4.87E-04 
4. 61E-03 
0.0 
5.49E-04 
2.60E-03 
0.0 
5.28E-03 
3.33E-03 
4.93E-03 
4.19E-03 
0.0 
1.17E-05 
0.0 
1.33E-05 
2.31E-03 
7.30E-05 
2.28E-03 
1.67E-04 
3. 27E-03 
8. 43E-04 
30 28E-06 
1.72E-06 
3 54 E-03 
11 15E-04 
2.40E-03 
1.19E-04 
4.51E-03 
4. 07E-03 
0.0 
2.61 E-06 
2.81E-04 
0.0 
8. 14E-06 
2. IO€-03 
1 44 E-03 
0.0 
0.0 
6.35E-06 
0.0 
0.0 
1.21E-05 

TOTAL 

t SV/Y91 

3 78E-0 5 
1 32E-05 
3.41E-04 
5.28E-04 
4. 48E-03 
1.54E-0 3 
4.88E-03 
4. 80E-03 
8.14E-04 
5. 13E-03 
2. 14E-04 

DOSE RATE 

9.79E-04 
2.64503 
0.0 
5.52E-03 
4.14E-03 
5.62E-03 
5.40E-03 
3. 8tE-05 
2. 94E-04 
Ls13E-04 
1.76E-04 
2.3LE-03 
7.30E-05 
2.58E-03 
7.05E-04 
4.22E-03 
2.38E-03 
2.62 E-04 
1 09E-03 
3 0 54E-03 
4.27E-04 
2.40E-03 
3. 72E-04 
4. 62E-03 
4.10E-03 
2.1LE-04 
2. 29E-04 
8. 26E-04 
0.0 
3.43E-04 
2.78E-03 
3 07E-03 
3.77E-05 
40 51 E-05 
7. 16E-04 
4. 55E-04 
6. 06E-06 
7.22E-04 

I 

1 

i 

' I  
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OOSE-RATE CONVERSION FACTORS FOR EXPOSUFE 1 M ABOVE CONTANINATEO .GROUND SURFACE 

OOSE RATE AT BODY SURFACE FOR GROUND-SURFACE CONCENTRATION OF 

NUCLIDE 

NB-94M 
NB-95 
NB-95M 
Ne-96 
N 8-9 7 
NB-97M 
WO-9 I 

. MO-93 
HO-99 
MO-10 1 
TC-95 
TC-95M 
IC-96 
TC-96M 
TC-91 
TC-97M 
TC-98 
TC-99 
TC-99M 
TC- LO 1 
RU-97 
RU-103 
RU-1 05 
RU-106 
RH-103M 
RH-105 
RH-1O5M 
RH-1 06 
PO-103 
PO- 10 7 
PO-1 09 
AG-1 O6M 
AG-108 
AG-LOBM 
AG-109M 
AG-110 
AG-1 LOM 
AG-111 
CD-109 
CD-1 11H 
CD-113 
C0-113M 
CD-115 
CO-115M 
CO-117 
CD-1 l ? M  
IN-1 11 
IN-1 13M 
IN-114 

HALF-LIFE 

6.26 M 
35.06 D 

86.6 H 
23.35 H 

72.1 M 
60 S 

15.49 M 
3.5E3 Y 
66.02 ti 
14.61 M 
20.0 n 

6 1  0 
4.28 0 
51.5 M 

2.6E6 Y 
89  D 

4.2E6 Y 
2.13E5 Y 

6.02 H 
14.2 H 
2.9 D 

39.35 0 
4.44 H 

368.2 0 
56.119 M 

35.36 H 
45 s 

29.92 5 
16.961 D 

6.5E6 Y 
13.453 H 
8.46 0 
2.37 Y 

127 Y 
39.6 S 

24.57 S 
249.85 0. 

1-46 0 
464 0 

48.1 M 
9.3E15 Y 

13 .1  Y 
53.46 H 
44.6 0 
2.49 n 
3.36 H 
2.83 0 

1.658 H 
11.9 S 

PHOTON 
DOSE R 4 T E  

(SV/YRB 

2.46E-05 
3.47E-04 
5.12E-05 
1.10E-03 
3.07E-04 
3.32E-04 
4.66E-04 
3 0 34E-0 5 
7.27E-05 
6.31E-04 
3.87E-04 
3. 4OE-04 
1.15E-03 
3 48 E-0 5 
3.25E-05 
2. 35E-05 
60 4OE-04 
2. 67E-10 
60 54E-05 
1 68 E-04 
1.45E-04 
2.31E-04 
3.64E-04 
0.0 
4.23E-06 
3. 84E-05 
3. 45E-05 
9.60E-05 
3.60E-05 
0.0 
3.28E-01 
1.21E-03 
8. 86E-06 
7.81E-04 
1.6 1 E-0 5 
1.42E-05 
1.20E-03 
1 30E-0 5 
2.69E-05 
1.52E-04 
0.0 . 
0.0 
9. 81E-05 
9.38E-06 
4 6 LE-04 
8.02E-04 
2.20E-04 
1 3 1  E-04 
1.5OE-05 

ELECTRON 
DOSE RATE 

t SV/YR)  

1. 18E-06 
5.06E-06 
8. 64E-05 
3.48E-04 
1 66E-03 
1.21E-05 
4. 65E-03 
0.0 
1.27E-03 
1.66E-03 
4. 54E-06 
1 98 E-06 
4. 73E-06 
0.0 
0.0 
0.0 ' 
1.29E-05 
0.0 
0.0 
1.67E-03 
0.0 
1 6OE-05 
1.28E-03 
0.0 
0.0 
4. 2 1 E 0 5  
0.0 
4. 58E-03 
0.0 
0.0 
1.02E-03 
7. 34E-06 

1.68 2*39E03 05 
0.0 
40 16E-03 
1. ?LE-05 
9.59E-04 
0.0 
0.0 
0.0 
7.3OE-05 
7. ??E-04 
2.36E-03 
1.31E-03 
2.24E-04 
0.0 
1. 97E-05 
3 03E-0 3 

1 BO'PEF. SQUARE CM 

TOTAL 
DOSE RATE 

( SV/VR) 

30 l8E-05 
3.52E-04 
1038E-04 
1 45E-0 3 
1 97E-03 
4. O5E-04 
5. 12E-03 
3. %E-05 
1.34E-03 
20 29E-03 
3. 92E-04 
3.42E-04 
1 15E-03 
3.48E-05 
3.25E-05 
2. 35E-05 
6. 53E-04 
2.6TE-LO 
6. 54E-05 
1 83E-03 
1 45E-04 
2. 47E-04 
1.64E-03 
0.0 
4.23E-06 
8.05E-05 
3. 45E-05 
4. 6lE-03 
3. 60E-0 5 
0.0 
1 02 E-03 
1.28E-03 
2. 40E-03 
1.98E-04 
1.61E-05 
4. I?€-03 
1.22E-03 
9. 72E-04 
2. 69E-05 
1 52E-04 
0.0 
7.  3OE-05 
8. 75E-04 
2. 31E-03 
1. IT€-03 
1 O3E-03 
2. 20E-04 
1 5 lE-04 
3.05E-03 
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DOSE-RATE CONVERS ION FACTORS FOR EXPOSUP E 1 W ABOVE CONTAH! NATED GROUND SURFACE 

OOSE RATE AT BOW SURFACE FOR GROUND-SURFACE CONCENTRATION OF 1 BO PER SQUARE CM 

NUCL 1 OE 

IN-114M 
IN-115 
I N-l l5N 
IN-116H 
IN-117 
IN -1 l lY  
SN-113 
SN-ll7H 
SN-119H 
SN-123 
SN-125 
SN-126 
SB-11 7 
58-322 
SB-124 
50-125 
SB-126 
58-126M 
SB-127 
SB-129 
YE-121 
TE-12 1 M  
TE-123 
TE-123M 
TE-125M 
TE-127 
T E- 127M 
TE-129 
TE-129M 
TE-131 
TE-131M 
TE-132 
TE-133 
TE-133M 
TE-134 
1-122 
1-123 
1-124 
1-125 
1-126 
1-128 
1-129 
1-130 
1-131 
1-132 
1-133 
1-134 
1-135 
I-136 

HALF-L I F €  

49.51 0 
406E15 Y 

4.36 H 
54.15 M 

43.8 H 
116.5 H 
115.1 0 
13.60 0 
293.0 0 
129.2 0 

9.64 0 
1.OE5 Y 

2.80 H 
2.70 0 

60.20 0 
2.17 Y 
12.4 0 

3.85 0 
4.40 H 
16.8 0 

19.0 Y 

154 0 
1E13 Y 

58 0 

109 0 

119.7 0 

9.35 ti 

69.6 M 
33.6 0 
25.0 Y 

18.2 H 
12.45 H 

55.4 H 
41.8 W 
3.62 M 

13.13 H 
4.18 0 

60.14 0 
12.93 0 
24.99 M 

1.57E7 Y 
12.36 H 
8.040 0 

2.30 H 
20.8 H 
52.6 M 
6.61 H 

83 s 

30 H 

PHOTON 
OOSE RATE 

( S V / Y R )  

5.34E-05 
0.0 
8. 76E-05 
1.00E-03 
3.3lE-04 
4.90E-05 
2.46 E-05 
8. 75E-05 
1.36E-05 
2 91 E-06 
1.28E-04 
3.59E-05 
1 02 E-04 
2.08E-04 
7.  T5E-04 
2-12E-04 
1 27E-03 
7 33 E-04 
3.09E-04 
6.23E-04 
2.82E-04 
1.12E-04 
1 28E-05 
70 97E-05 
3.22E-05 
2 36E-06 
1 05E-05 
2 95E-05 
2.20E-05 
1 91E-04 
6 32E-04 
1 25 E-04 
4.12E-04 
9.72 E-04 
4.16E-04 
4.61E-04 
9.60E-05 
4.74€.;04 
3.81 E-05 
2.24E-04 
3.69E-05 
2.80E-05 
9.81E-04 
1 86 E-04 
1 03E-03 
2.82E-01 
1 15E-03 
6.39E-04 
9.42E-04 

EL EC TR ON 
DOSE RATE 

S V I Y R I  

0.0 
1.266-05 
2.12E-05 
7.02 E-04 
3.33E-04 
1.36E-03 
0.0 
0.0 
0.0 
2.05E-03 
2.99E-03 
0.0 
2.09E-06 
2.13E-03 
lmO6E-03 
2.6OE-05 
7.93E-04 
2.3OE-03 
1.42EO4 
9.91E-04 
1.09 E-05 
0.0 
0.0 . 
0.0 
0.0 
2.21E-04 
7.46E-06 
1.96E-03 
8.29E-04 . 
2.65E-03 
1.69E-04 
0.0 
3.05E-03 
2.58E-03 
50 3SE-06 
3.55E-03 
0.0 
7.85E-04 
0.0 
3.36E-04 
2.95E-03 
0.0 
6.05E-04 
8.63E-05 
1.66E-03 

2028EO3 
l o l l € - 0 3  
5-41 E-03 

1.34E-03 

TOTAL 
OOSE R4TE 

t SV/Y R B 

5 34E-05 
1.26E05 
1 09E-04 
1 70e-0 3 
6 0 64E-04 
1.41E-03 
2.46E-05 
8.75E-05 
1 36E-05 
2.05E-03 
3.12E-03 
3 .  59E-05 
1.05E-04 
2.33E-03 
1.83E-03 
2-38E-04 
2. 06E-03 
3 03 E-03 
1 05E-03 
1.61E-03 
2 93E-0 4 
1.12E-04 
1.2BE-05 
7.97E-05 
30 22E-05 
2 0 Z3E-04 
1.80E-05 
1 WE-03 
8.5 1 E-04 
2-85E-03 
8002E-04 
1-25E-04 
3.46E-03 
3.55E-03 
4.21E-04 
4.OlE-03 
9.60E-0 5 
1.26E-03 
3.81E-05 
5.6OE-04 
2.99E-03 
2- 80E-05 
1.59E-03 
2.73E-04 
2.69E-03 
1 63E-03 
3.43E-03 
1.74E-03 
6.35E-03 
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DOSE-RATE CONVERSION FACTORS FOR EXPOSURE 1 M ABOVE CONTAMINATE0 GROUND SURFACE 

OOSE RATE AT BODY SURFACE FOR GROUND-SURFACE CONCENTRATION OF 

NUCL 1 OE 

XE-122 
XE-123 
XE-125 
XE-127 
XE-129M 
XE-13 1H 
XE-133 
XE-133M 
%E-135 
XE-135M 
XE-13 7 
XE-138 
CS-126 
CS-129 
CS-131 
CS-132 
C S-134 
CS-134M 
CS-135 
CS-136 
CS-137 
CS-138 
CS-139 
EA-131 
EA-133 
EA-133M 
BA-135M 
8A-137M 
EA-139 
BA-140 
EA-141 
8 A-1 42 
LA-140 
LA-141 
LA-142 
CE-139 
CE-141 
CE-143 
CE-144 
PR-142 
PR-143 
P R-144 
PR-144M 
NO-147 
NO-149 
PH-143 
PM-144 
PM-145 
PH-146 

HALF-LIFE 

20.1 H 
2.14 H 
16.8 H 

36.406 0 
8.89 0 

11.84 0 
5.245 Q 
2.19 0 
9.11 H 

15.36 M 
3.83 H 

14.13 H 
1.64 M 

32.06 H 
9.688 D 
6.475 0 
2.062 V 

2.90 H 
2.3E6 Y 
13.16 0 
30.17 Y 

32.2 H 
9.40 M 
11.8 0 
10.5 V 
38.9 H 
28.7 H 

2.552 M 
83.1 H 

12.789 Q 
1 8 - 2 1  H 
10.70 H 
40.22 H 

3.94 H 
95.4 H 

137.66 0 
32.50 0 
33.0 H 

284.3 0 
19-13 H 
13.56 D 
17.28 M 

7.2 M 
10.98 0 

1.73 H 
265 0 
363 0 

17.7 Y 
2020 D 

PHOTON 
QOSE RATE 

( S V / Y R I  

4.91E-05 
2 95 6 0 4  
1 46E-04 
1.51E-04 
5.36E-05 
2.17E-05 
3. 38E-05 
3. 26E-05 
1 23E-04 
2.08E-04 
8.63E-05 
4.45E-04 
5.35 E-04 
1.61 E-04 
2.71E-05 

7.llE-04 
2.21€-05 
0.0 
9.6LE-04 
0.0 
9.35E-04 
1.18E-04 
2.49E-04 
2 0 20 E-04 
4.54E-05 
4.OlE-05 

3.47E-04 

2.78E-04 
1.75E-05 
9.77E-05 
4 02 E-04 
3 0 99 E-04 
9.39E-04 
1.70E-05 
9.97E-04 
9.21E-05 
4.03E-05, 
1.40EtO4 
1.08E-05 
2.26E-05 
4. ME-12 
1.25E-05 

7.44E-05 
1.90E-04 
1 54E-04 
7.33 e 0 4  
2.56E-05 
3.58E-04 

1.07E-05 

ELECTRON 
QOSE RATE 

( SV/YR)  

0.0 
6. 12E-04 
2.97E-07 
0.0 
0.0 
0.0 
0.0 
0.0 
6.72€-,04 
3.52E-04 
5.12E-03 
2 04 E-03 
4.16E-03 
2.81E-07 
0.0 
1.87E-05 
1.38E-04 
0.0 
0.0 
1.89E-05 
9. LlE-05 
4.21E-03 
4.89E-03 
6.33E-06 
1.18E-08 
0.0 
0.0 
3.20E-04 
3.43E-03 
6.26E-04 
3.12E-03 
1046'&03 
1.96p-03 
3.55E-03 
2.98E-03 
0.0 
2.00E-05 
1.32E-03 
0.0 
3.13E-03 
7 48E-04 
4.19 E-03 
0.0 
3.57E-04 
1.55E-03 
5.04E-06 
3.33E-05 
0.0 
1. s 1 e o 4  

1 BQ PER SQUARE CM 

TOTAL 
OOSE RATE 
( SV/Y R I 

4.91E-05 
9.07E-04 
1 46E-04 
1.51E-04 
5.36E-05 
2.17E-05 
3.38E-05 
3 26E-0 5 
7 0 95 E-04 
5.59E-04 
5.21E-03 

. 2.48E-03 
4.69E-03 
1 61E-04 
2.71E-05 
3.45E-04 
8.50E-04 
2.21E-05 
0.0 
9.80E-04 
9.llE-05 
5.14E-03 
5 OLE-03 
2.55E-04 
2.20E-04 
4.54E-05 
4.OlE-05 
5.98E-04 
3e45E-03 
7.24E-04 
3.52E-03 
1 86E-03 
2.89E-03 
3- 57E-03 
3 97E-03 
9.21E-05 
6.03E-05 
1 46E-03 
1.08E-0 5 
3.15E-03 
7.48E-04 
4- ZOE-03 
1 07E-05 
4.32E-04 
1.74E-03 
1 59E-04 
7.67E-04 
2.56E-05 
5 09E-04 
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DOSE-RnTE CUNVERS ION FACTOR 5 FOR EXPOSURE 1 M A8OVE CONTAMINATED GROUND SURFACE 

DOSE a n n  LLT BODY SURFACE FOP GROUND-SURFACE CONCENTRATION OF 

NUCLI DE 

PM-147 
PM-148 
W-14 8M 
PM-149 
PM-151 
SH-147 
SM-151  
SM-153 
EU-152 
EU-152M 
EU-154 
EU-15 5 
EU-156 
GO-152 
GO-153 
GO-159 
GO-16 2 
‘1 8-1 5 7 
18-160 
18-162 
OY-157 
DY-165 
DY-166 
HO-166 
HO-166M 
ER-169 
ER-171 
YM-170 
TM-171 
Y8-169 
Y 8-1 75 
LU-177 
LU- 177H 
H F - 1 8 1  
TA-182 
w-18 1 
U-185 
W-187 
w-188 
RE-1  82 
RE-182M 
RE-183 
RE-184 
RE-1 84M 
RE-1 86 
RE-1 87 
RE-188 
OS-185 
OS-186 

HALF-LIFE 

2.6234 Y 
5.37 0 
41.3 0 

53-06 H 
28.40 H 

1.069Ell Y 
90 Y 

46.7 H 
13.6 Y 
9.32 H 

8.8 Y 
4.96 Y 

15.19 0 
lolE14 Y 
241.6 O 
18.56 n 

9.7 M 

72.3 D 
7.76 M 
8.06 H 

2.334 H 
81.6 H 

26.80 H 
1.2OE3 Y 

9.40 0 
7.52 H 

128.6 0 
1.92 Y 

31.97 0 
4.19 D 
6.71 0 

160.10 D 
42-39 0 

114.74 0 
120.95 D 

75.1 D 

150 Y 

23.83 H 
69.4 D 
64.0 H 
12.7 H 

70 D 

169 0 
38.0 0 

90.64 n 
4.7ElO Y 

16.98 H 
93.6 0 

2.OE15 Y 

PHOTON 
DOSE RATE 

t SV/YR 1 

1.72E-09 
2.42E-04 
9. 23E-04 
5. TOE-06 
1.67E-04 
0.0 
3.78E-08 
4.08E-05 
5.12E-04 
1 44E-04 
5.44E-04 
3.52E-05 
5.41 E-04 
0.0 
7. SEE-05 
2.22E-05 
2.08E-04 
6.44E-06 
4. TIE-04 
5.05E-04 
1.85E-04 
1 36 E-05 
2.86E-05 
1.57E-05 
7.47E-04 
6.51E-08 
1 91 E - 0 4  
4.33E-06 
5.50E-07 
I 87E-04 
2.OOE-0 5 
1. 89E-05 
5.17E-04 
2. TOE-04 
5.63E-04 
3.20E-05 

2.28E-04 
1.3LE-OB 

9.14E-07 
8.08E-04 
5.32E-04 
1.07E-04 
4.19E-04 
2.05 E-04 
1.27E-05 
0.0 
2.88E-05 
3.41E-04 
0.0 

EL EC TR ON 
DOSE RATE 

( S V / Y R )  

0.0 
2.60E-03 
9. 7tE-05 
1.06E-03 
6.09E-04 
0.0 
0.0 
2.35E-04 
2.12E-04 
1 90 E-03 
4.48E-04 
0.0 
1.18E-03 
0.0 
0.0 
1.37E-04 
7093E’OC 
0.0 
3.25E-04 
1 77 E-03 
0.0 
1.52E-03 
7.7lE-07 
2 .66603 
8.26 E-05 
6.34E-11 
1 03E-03 
7.54E-04 
0.0 
0.0 
4.48E-06 
9.59 E-06 
6. 12E-07 
1 43E-0 5 
1 6 5 €-OS 
0.0 
1.12E-06 
5.30E-04 
8.77E-09 
0.0 
5.96 E-05 
0.0 
1 52E-05 
0.0 
9.03E-04 
0.0 
2.97E-03 
2.59E-05 
0.0 

1 8Q PER SQUARE CM 

TOTAL 
DOSE R 4 T E  

( SV/Y R t 

1.72E-09 
2.84E-03 
1 O2E-03 
1.06E-03 
7 76E-04 
0.0 
3.78E-08 
2.76E-04 
7.2%-04 
2.04E-03 
9.92E-04 
3 52E-05 
1.72E-03 

, 0 . 0  
7.58E-05 
7 59E-04 
1.00E-03 
6.44E-06 
8.02E-04 
2.27E-03 
1.85E-04 
1.53E-03 
2.94E-05 
2.67E-03 
8 ME-04 
6.52E-08 
1.22E-03 
7.59E-04 
5.5OE-07 
1.87E-04 
2.45E-05 
2.85E-05 
5.17E-04 
2. WE-04 
5.79E-04 
3 20E-0 5 
1.13E-06 
7.58E-04 
9. 22E-07 
8.08E-04 
5.92E-04 
1.07E-04 
4.35E-04 
2.05E-04 
9.16E-04 
0.0 
3.00E-03 
3. 67E-04 
0.0 
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OOSE-RATE CONVERSION FACTORS FOR EXPOSURE 1 H ABOVE CONTAMINATE0 GROUNO SURFACE 

DOSE RATE 

NUCLIDE 

OS-19OH 
OS-19 1 
OS-191H 
OS-193 
I*-190 
I R-190H 
I R-190M 
IR-192 
I R-193M 
1R-194 
I R-194H 
PT-191 
PT-193 
P T- 19 3M 
PT-195H 
PT-197 
PT -1 9 7H 
AU-194 
AU-195 
AU-195H 
AU-196 
AU-198 
AU-199 

HG-197H 

T L-2 00 
TL-201 
TL-202 
Tl-204 
TL-207 
TL-208 
tL-209 
TL-210 
P8-203 
PB-204M 
P8-205 
P8-2 09 
P8-210 
P8-211 
PB-212 
P8-214 
8 1-206 
81-207 
81-208 
8 1-2 10 
81-211 
81-212 
61-213 

~ ~ - 1 9 7  

~ ~ - 2 0 3  

hT BOOY SURFACE FOP. GROUN9-SURFACE CONCENTRATION OF 

HAL F L  I FE 

9.9 H 
15.4 0 

13.03 H 
30.0 H 

11.78 0 
1.2 H 
3.2 H 

74.02 0 
11.9 0 

19.15 H 
171 0 

2.71 0 
50 Y 

4.33 0 
4.02 0 
18.3 H 
94.4 H 
39.5 H 

183 0 
30.6 S 

6.183 0 
2.696 0 
3.139 0 
64.14 H 

23.8 H 
46.60 0 

26.1 H 
73.06 H 
12.23 0 
3.719 Y 

4.77 H 
3.053 H 
2.20 H 
1.30 M 

52.02 H 
66.9 M 

1.51El Y 
3.253 H 
22.26 Y 

36.1 M 
10.643 H 

26.8 M 
6.243 0 

33.4 Y 
3.68E5 Y 
5.013 0 

2-13 M 
60.55 M 
45.65 M 

PHOTON 
DOSE RATE 

( S V / Y R ) ,  

7. 73E-04 
5.76E-05 
1.31 E-05 
3.77E-05 
6.83E-04 
1.09E-05 
3. 83E-05 
4.01E-04 
1.08E-05 
4. 27E-05 
1.12E-03 
1.69E-04 
1 3  O6E-05 
1.86E-05 
7.36E-0 5 
2.25E-05 
6.54E-05 
4. 74E-04 
7.18E-05 
1.17E-04 
2. 48E-04 
1 97E-04 
5. 12E-05 
6.10E-05 
7.03E-05 
1.17E-04 
6 01 E-04 
7.06E-05 
2.45E-04 
9.73E-07 
9.58E-07 
1 22 E-03 
8.78E-04 
1015E-03 
1.72 E-04 
9. 39E-04 
1.25E-05 
0.0 
1.55E-05 
2.38E-05 
8.24E-05 
1 30 E-04 
1. 46E-03 
6.98E-04 
8 97 E-04 
0.0 
2.39E-05 
8.34E-05 
6. 81E-05 

ELECTRON 
DOSE RATE 

t SV/Y R D 

5.48E05 
0.0 
0.0 
9.59E-04 
2.49E-05 
0.0 
0.0 
1.05E-04 
0.0 
3. 09,€-03 
7.41 E-05 
8.03E-06 
0.0 
0.0 
0.0 
1.30E-04 
' 7.52 E-06 
4.22E-05 
0.0 
0.0 
3. 60E-08 
7.53E-04 
3. 64E-07 
0.0 
0.0 
0.0 
3. LOE-OS 
0.0 
7.58E-06 
4.47E-04 
1.81E-03 
2.16E-03 
2. 61 E-03 
2. 55E-03 
0.0 
3.87E-04 
0. 0 
1.28E-04 
0.0 
1 59E-03 
5.25E-06 
2. 46EO4 
1 72 P O 4  
4.62 P O 4  
1-01 E-05 
1.22E-03 
1058E-07 
1.73E-03 
1.42E03 

1 BO PER SOUARE CH 

TOTAL 
W S E  RATE 
( SV/Y R D 

8.28E-04 
5 76E-0 5 
1.31E-05 
9.97E-04 
7 0 OB€-04 
1 09E-0 5 
3. 83E-05 
5.06E-04 
1.08E-05 
3. 14E-03 
1.19E-03 
1 77E-04 
1 O6E-0 5 
1.86E-05 
7. 36E-05 
1.52E-04 
7.29E-05 
5.17E-04 
1.18E-05 
1 17E-04 
2 48E-04 
9 50E-04 
5. 16E-05 
6.10E-05 
7. 03E-05 
1.17E-04 
6.32E-Ol 
7 06E-0 5 
2. 52E-04 
4.48E-04 
1. 81E-03 
3. 38E-03 
3. 48E-03 
3.70E-03 
1.7ZE-04 
1 33E-03 
1.25E-05 
1.28E-04 
1.55E-05 
1 62E-03 
8.77E-05 
3. 76E-04 
1 64E-0 3 
1.16E-03 
9.07E-04 
1. 22E-03 
2. 4LE-05 
1.81E-03 
1 49E-03 
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DOSE-RATE CONVERSlrON FACTORS FOR EXPOSURE 1 M ABOVE CONTAMINATE0 

DOSE RATE AT BODY SURFACE FOR GROUND-SURFACE CONCENTRATION OF 

NUCL I D E  

81-214 
PO-209 
PO-210 
Po-211 
PO-2 12 
PO-2 13 

' PO-2 14 
PO-2 15 
PO-216 
PO-2 18 
AT-21 1 
AT-217 
RN-2 18 
RN-2 19 
R N-220 
RN-222 
FR-221 
FR-223 
RA-222 
RA-223 
R A-2 24 
RA-225 
RA-226 
RA-228 
AC-225 
AC-22 7 
AC-228 
TH-226 
TH-227 
TH-228 
TH-229 

TH-23 1 

W-233 
TH-234 
PA-230 
P A-23 1 
P A-233 
PA-234 
P&-234M 
U-230 
U-23 1 
U-232 
U-233 
U-234 
U-235 
U-236 
U-237 

in-230 

~ n - 2 3 2  

HAL F-L I FE 

19.9 M 
102 Y 

138.378 D 
0.516 S 

2.98E-7 S 
4.2E-6 S 

1.637E-4 S 
1.178E-3 S 

0.146 S 
3.05 M 

1.214 H 
0.0323 S 
0.035 S 

3.96 S 
55.61 S 

3.8235 0 
4.8 H 

21.8 H 
38.0 S 

11.434 0 
3.62 0 
14.8 D 
1600 Y 
5.75 Y 
10.0 0 

21.173 Y 
6.13 H 
30.9 H 

18.718 0 
1.9132 Y 
7.34E3 Y 
1.7E4 Y 
25.52 H 

1.405ElO Y 
22.3 M 

24.10 D 
17.4 0 

3.276E4 Y 
27.0 0 
6.70 H 
1.17 M 
20.8 D 

4.2 0 
12 Y 

1.592E5 Y 
2.445E5 Y 

2.3415E7 Y 
6.75 D 

7.038~8 Y 

PHOTON 
DOSE RATE 

( SV/YR 1 

6.13E-04 
1.67E-06 
3.83E-09 
3.52E-06 
0.0 , 
1 38E-08 
3. 76E-08 
7.22E-08 
6.53E-09 
0.0 
3.12E-05 
l o l l € - 0 7  
3.53E-07 
2.88E-05 
2.47E-07 
1.85E-01 
1.67E-05 
5.05E-05 
4.6OE-06 
8.23E-05 
5 20 E-06 
2.13E-05 
3. 82E-06 
1.75E-11 
2.04E-0 5 
8.49E-07 
4.29E-04 
8.75E-06 
8.03E-05 
7.24E-06 
9. 73E-05 
5. 73E-06 
5.68E-05 
5.60E-06 
2.32E-05 
1.06E-0 5 
3.38E-04 
4.55E-05 
1.38E-04 
9.44E-04 
5 32E-06 
8.16E-06 
1 03E-04 
8.20E-06 
2.74E-06 
7.13E-06 
9 45E-0 5 
6.75E-06 
1.1BE-04 

EL EC TR ON 
DOSE RATE 

( S V I Y R )  

2.28E-03 
0.0 
0.0 
0.0 
0.0  
0.0 
0.0 
0 .0  
0.0 
0.0 
0.0 
0.0 
0.0 
1.43E-07 
0.0 
0.0 
0.0 
9.43E-04 
0.0 
0.0 

7.76E- LO 
0.0 
0.0 
0.0 
0.0 
1.13E-03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.29E-03 
0.0 
9.26E-06 
0.0 
0.0 
4.40E-04 
3.17E-03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

GROUND SURFACE 

1 BQ PER SQUARE 

TOTAL 
DOSE RATE 

( SV/Y R 1 

2 0 89E-03 
1.67E-06 
3. 83E-09 
3. 52E-06 
0.0 
1.38E-08 
3. 76E-08 
7.22E-08 
6 53E-09 
0.0 
3.12E-05 
1.llE-07 
3.53E-07 
2 0 89E-0 5 
2 47E-0 7 
1.85E-07 
1.61E-05 
9. 94E-04 
4.60E-06 
8.23E-0 5 
5. 20E-06 
2.13E-05 
3.82E-06 
1.75E-11 
2.04E-05 
8.49E-07 
1.56E-03 
8. 75E-06 
8.03E-05 
7 2 4 5 0 6  
9.73E-05 
5 73E-06 
5.68E-05 
5.60E-0 6 
1.31E-03 
1.06E-0 5 
30 47E-04 
4. 55E-05 
1 38E-01 
1 38E-03 
3. l7E-03 
8 16E-06 
1 03E-04 
8. 2OE-06 
2 74E-06 
7. 13E-06 
9.45E-05 
6.75E-06 
1. ME-04 

I 

I 
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OOSE-SATE CONVERSION FACTORS FOR EXPOSURE 1 M ABOVE CONTAMIMATED GROUND SURFACE 

DOSE RATE AT BOOY SURFACE FOR GROUND-SURFACE CONCENTRATION OF 1 8Q PER SQUARE 

NUCL I DE 

U-238 
U-239 
U-240 
NP-235 
NP-236 
NP-236M 
NP-23 7 
NP-238 
NP-239 
NP-240 
NP-240M 
PU-236 
PU-237 
PU-238 
PU-239 
PU-240 
PU-241 
PU-242 
PU-243 
PU-244 
PU-245 
PU-246 
AM-241 
AM-242 
AM-242M 
AY-243 
AM-244 
AM-245 
AM-246 

CM-243 
CM-244 
CH-245 
CM-246 
CM-247 
CM-248 
CH-249 
CM-250 
BK-249 
8K-2 5 0  
BK-25 1 
CF-248 
CF-249 
CF-250 
CF-251 
CF-252 
CF-253 
CF-254 
ES-253 

CM-242 

HALFLI  FE 

4.468E9 Y 
23.40 M 

14.1 H 
396.1 0 

1.15E6 Y 
22.5 H 

2.14E6 Y 
2.117 D 
2.355 0 

6 5  M 
7.4 M 

2.851' Y 
45.3 D 

87.75 Y 
24131 Y 

6537 Y 
14.4 Y 

3.758E5 Y 
4.956 H 

8.26E7 Y 
10.57 H 
10.85 0 
432.2 Y 
16.02 H 

152 Y 
7.38E3 Y 

10.1 H 
122.4 M 

25.0 H 
163.2 0 
28.5 Y 

18.11 Y 
8.5E3 Y 

4.75E3 Y 
1.56E7 Y 
3.39E5 Y 
64.15 M 
6.9E3 Y 

320 Q 
3.222 H 

57.0 M 
333.5 Q 
350.6 Y 
13.08 Y 
9.OE2 Y 
2.639 Y 
11.81 D 
60.5 0 

20.467 0 

PHOTON 
DOSE RATE 

( S V I Y R )  

5.97E-06 
3.40E-05 
2.95 E-05 
2.63E-05 
I .  57E-04 
4.43E-05 
5.54E-05 
2 6 1 E-04 
1.23 E-04 
5.93E-04 
1.72E-04 
8.83E-06 
S.90E-05 
7.83E-06 
3.01E-06 
7.45E-06 
0.0 
6.18E-06 
1 99E-05 
5.36E-06 
2.06E-04 
5.32E-05 
4.22E-05 
2.75E-05 
2.00E-05 
5.47E-05 
4.35E-04 
2.22E-05 
4.45 E-04 
7.68E-06 
1.02E-04 
6.86E-06 
7.63E-05 
6.11E-06 
1.58E-04 
4.84E-06 
9.06E-06 
0.0 
0.0 
3.98E-04 
0.0 
5.06E-06 
1.80E-04 
5.OOE-06 
9.45E-05 
4.66E-06 
8.56E-08 
1 61E-11 
3.00E-06 

EL EC TRON 
DOSE RATE 

t S V I Y R  1 

0.0 
1.27E-03 
1.25E-06 
0.0 
1.18E-08 
1.49E-05 
0.0 
6.31E-04 
9.48E-06 
3.94E-04 
2 . 2 3 6 0 3  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.94E-05 
0.0 
5.21E-04 
0.0 
0.0 
9.7lE-05 
0.0 
0.0 
L.95E-04 
4.64E-04 
1.42E-03 
0.0 
0.0 
0.0 
0.0 
0.0 
2.50E-07 
0.0 
5.36 E-04 
0.0 
0.0 
5.47E-04 
1.06E-03 
0.0 
7.27E-08 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

TOTAL 
DOSE RATE 

( S V I Y R )  

5 0 97E-0 6 
1.31E-03 
3.OtE-05 
2.63E-05 
1 57E-04 
5 0 93E-0 5 
50 54E-05 
8.92E-04 
1.32E-04 
9.88E-04 
2.40E-03 
8 83E-0 6 
5.90E-05 
7.83E-06 
3 01 E-06 
7.45E-06 
0.0 
6.18E-06 
5.93E-05 
5.36E-06 
7.27E-04 
5 0 32E-0 5 
4.22E-05 
1.25E-04 
2.00E-05 
5.47E-05 
6.30E-04 
4.86E-04 
1 86E-03 
7.68E-06 
1.02E-05 
6.86E-06 
7.63E-0 5 
6.llE-06 
1.59E-04 
4.84E-06 
5.45E-04 
0.0 
0.0 
9.46E-04 
1.06E-03 
5.06E-06 
1. BOE-04 
5.00E-06 
9.45E-05 
4 .66606  
8.56E-08 
1 61E-11 
3.00E-06 

CM 

I 
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OOSE-RATE CONVERSION FACTORS FOR EXPOSURE 1 H ABOVE COYTAM¶NAfEO GROUNO SURFACE 

OOSE RATE AT BODY SURFACE FCR GROUND-SURFACE CONCENTRATION OF 1 BO PER SQUARE CM 

PHOTON ELECTRON TOTAL 
OOSE RATE OOSE R A T E  OOSE RATE 

NUCL I D E  HAL F-L I F E  S V I Y R  # ( S V I Y R )  ( S V I Y  R # 

E S - 2 5 4  275.7 0 6.32E-05 0.0 6. 32E-05 
E 5-2 5 4 1  39.3 H 2. 8 O E - 0 4  2.20€-04 5mOOE-04 
E S - 2 5 5  39.8 0 3. 5 5 E - 0 7  0.0 3.55E-07 

F M - 2 5 5  20.07 H 3.73E-05 0.0 3 73E-05 
FM-256 157.6 H 0.0 0.0 0.0 

FH-254 3.240 H 4 . 7 l E - 0 6  0.0 4. ri~-06 



PHOTON 00SE-RATE CWEUSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE COYTAMINATEO GROUYO SURFACE 
I N  SVIYR PER BQI(SQUARE CMI 

NUCLIDE 

H-3 

BE-7 

BE-10 

c-11 

c-14 

N-13 

N-16 

c-15 

F-18 

NA-22 

NA-24 

WG-27 

MG-28 

a ~ - a  

At-28 

SI-31 

SI-32 

P-32 

P-33 

5-35 

CL-36 

CL-38 

A R - 3 1  

IU-39 

A R - i l  

HALF-LIFE 

12.28 Y 

53.44 0 

1.6E6 Y 

20.48 f4 

5.73E3 Y 

9.91 M 

T o 1 3  S 

U2.24 S 

109.14 M 

2.602 Y 

15.00 n 

9.458 f4 

20.91 H 

7.2E5 Y 

2.240 M 

157.3 M 

3.3E2 Y 

14.29 0 

25.4 0 

87.44 0 

3.01ES Y 

37.21 M 

35.02 0 

269 Y 

1.827 H 

AOREN dl S 

0.0 

1.2OE-05 

0.0 

2.45E-04 

0.0 

2.45E-04 

7.33E-04 

2.45E-04 

2.31E-04 

4.83E-04 

7.9iE -04 

2.06E-04 

2.91E-04 

5.61E-04 

3.54E-04 

1.83E-07 

0.0 

0.0 

0.0 

0.0 

9. O I E  -1 3 

2.9SE-04 

1.5 3E-10 

0.0 

2.63E-04 

BLaooER 

0.0 

1.14E-05 

0.0 

2.32E-04 

0.0 

2.32 E-04 

7.43E-04 

2 .33FO4 

2.24E-04 

40 TOE-04 

8.13E-04 

2 00E-04 

2 88E-04 

5. 66E-04 

3.62E-04 

1.82E-07 

0.0 

0.0 

0.0 

0.0 

1 63E- 19 

3.04E-04 

2.76E-17 

0.0 

2. 62E-04 

BRAIN 

0.0 

1.26E-05 

0.0 

2 S9E-04 

0.0 

2 mS9E.-04 

7.B6E-04 

2.59E-04 

2 5 1E-04 

5 28E-04 

9.OSE-04 

2 -2%-04 

3.21E-04 

6.34E-04 

4.01E-04 

2.05 E-01 

0 .o. 

0.0 

0.0 

0.0 

1.23E- 14 

3 -4OE-04 

1.22E-11 

0.0 

2.96E-04 

BRE A S 1  

0.0 

1.52E-05 

0.0 

3.OBE-04 

0.0 

3.OBE-04 

9.45E-04 

3.09E-04 

2.99E-04 

6.03E-04 

1.02E-03 

2 rn 52E-04 

3 . 1 2 ~ 0 4  

7.20E-04 

4.5lE-04 

2.21E-01 

0.0 , 

0.0 

0.0 

0.0 

7.10E-11 

3. t9E-04 

1 20E-08 

0.0 

30 27E-04 

HEART 

0.0 

l.llE-05 

0.0 

2.27E-04 

0.0 

2.27E-04 

7.3 1 E-04 

2.27E-04 

2.2QE-04 

4.63E-04 

8.12 E-04 

1 97E-04 

2 8 3 E -0 4 

5 6 1 E-04 

3.6 1 E-04 

1.80E-01 

0.0 

0.0 

0.0 

0.0 

l.lBE-13 

3.03 E-04 

1.99E-11 

0.0 

2.60 E - 0 4  

SMALL 
INTEST INE 

0.0 

9.97E-06 

0.0 

2.04E-0e 

0.0 

2. O I E -  Ol 

1. OOE- 04 

2.OiE-Ol 

1 98E-OS 

4.22E-04 

7.59E-04 

1.79E-04 

2. 59E-OI 

5.1bE-04 

3 36E-04 

1 .66E-07 

0.0 

0.0 

0.0 

0.0 

1 .52E- 15 

2.83E-01 

2. S7E-13 

0.0 

2.39E-OQ 

UPPER 
LARGE 

INTESTINE 

0.0 

1.1BE-05 

0.0 

2.41E-04 

0.0 

2.4 IE-04 

7 8 2E-0 4 

2.41E-04 

2.34E-OQ 

4. 92E-04 

8.63E-04 

2. LO€-04 

3 0 ZE-04 

5.96E-04 

3.84E-04 

1 92E-01 

0.0 

0.0 

0.0 

0.0 

2.24E-15 

3.23E-04 

3 . 7 s - i  3 

0.0 

2 76E-04 

LOUER, 
LARGE 

INTESTINE 

0.0 

1.09E-05 

0.0 

2.22E-04 

0.0 

'2.23E-04. 

1.33E-04 

2.2 3 5 0 4  

2.16E-04 

4.54E-04 

8.00E-04 

1.93E-04 

2.78E-04 

5. SOE-04 

3.54E-04 

1.77E-01 

0.0 

0.0 

0.0 

0.0 

3. T2E-13 

2.98E-04 

6.28E-11 

0.0 

2.55E-04 

W 
W 
ul 



PnOTON OOSE-RATE CIMVERSIfM FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE C9NTAWTNATEO GROW0 SURFACE , 
I N  S V I Y R  PER BWtSOUARE 6( t  

NUCLI OE 

n -3 

B E - r  

B E 1 0  

c-11 

C-14 

N-13 

N- 16 

C-15 

6-18 

NA-22 

PIA-24 

MG-27 

MG-28 

AL-26 

AL-28 

SI-31 

SI-32 

P-32 

P-33 

5-35 

CL-36 

CL-38 

AR-3 1 

411-39 

AR-41 

HALF-LIFE 

12.28 Y 

53.44 0 

1.6E6 Y 

20.48 M 

5.73E3 v 

9.97 M 

7.13 S 

122.24 S 

109.14 M 

2.602 Y 

15.00 H 

9.458 M 

20.91 H 

1 . ~ ~ 5  Y 

2.240 U 

157.3 M 

3.3E2 Y 

14.29 0 

25.4 0 

87.44 0 

3.01E5 Y 

31.21 M 

35.02 0 

269 Y 

1.827 H 

KIONETS 

0.0 

1.18E-05 

0.0 

2.41E-04 

0'. 0 

2.41E44 

8.29E-04 

2.41E-04 

2.33E-04 

4.92E-04 

8 . 1 5 ~ - 0 4  

2.09E-04 

3.03E-04 

5.97E -04 

3.85E-04 

1.91E-07 

0.0 

0.0 

0.0 

0.0 

1 09E-15 

3.25E-04 

1.83E-13 

0.0 

2.76E-04 

L IVER 

0.0 

1 13E-05 

0; 0 

2 3 1  E-04 

0.0 

2.31E-04 

7.39E-04 

2.31E-04 

2.24E-04 

4.68604 

8.17E-04 

1.99E-04 

2 .86604 

5 . 6 1 ~ - 0 4  

3.64E-04 

1.82E-07 

0.0 

0.0 

0.0 

0.0 

8.81E-15 

3.05E-04 

1 49E-12 

0.0 

2.62E-04 

LUNGS 

0.0  

1.21 €-Of 

0.0 

2.48E-04 

0.0 

2 4 BE-04 

7.59E-06 

2 .*BE-04 

2 rn 40 E-04 

4.99E-04 

8.55E-OS 

2.12E-04 

3 04E-04 

6.00E-04 

3 83E-05 

1 92E-07 

0.0 

0.0 

0.0 

0.0 

r . i 7 ~ - 1 3  

3.21E-04 

1.21E-10 

0.0 

2 I t€ -04  

MARROW 

0.0 

1.'41€-05 

0.0 

2.85E-04 

0.0 

2. 8SE-04 

7.91 E-04 

2. WE-04 

2. 1 7 ~ - 0 4  

5. m - 0 4  

8.81E-04 

2.28E-04 

3.28E-04 

6.43E-04 

3.95E-04 

2 .02E-07 

0.0 

0.0 

0.0 

0. 0 

4. %)E-13 

3.29E04 

1. 2 6 ~ - i i  

0.0 

2.91E-04 

REO 
MARROW 

0.0 

1.24E-0 5 

0.0 

2 54 E-04 

0.0 

2.56E-04 

8.24E-04 

2.54E-04 

2 46 € 4 4  

5. or E-o 4 

8 . w - 0 4  

2 15 E-04 

3.0 6 E -0 4 

6.09E-04 

3.8bE-04 

I .94E-07 

0.0 

0.0 

0.0 

0.0 

2.35E-13 

3 25 E-0 4 

3 . 9 r ~ - i i  

0.0 

2.19 E-04 

OVART ES 

0.0 

1 de€- 05 

0.0 

2.22E-04 

0.0 

2.ZZE-04 

6.66E-04 

2.22E-04 

2.15E-OQ 

4.48E-04 

7.39E-05 

1.93E-04 

2.72E-04 

5.28E-OQ 

3.34E-04 

1 73E-07 

0.0 

0.0 

0.0 

0.0 

3.55E-13 

2. r8E-w 

5.99E- 11 

0.0 

2.49E-04 

P ANCR € A S  

0.0 

9. WE-06 

0.0 

1.99E-04 

0.0 

1.99E-04 

6.82E-04 

1 99E-04 

I .  93E-04 

4.OSE-04 

1. ISE-OI 

1. r 2 ~ - 0 4  

2 e 475-04 

4.9 1E -04 

3.16E-04 

1.57E-07 

0.0 

0.0 

0.0 

0.0 

5.30E-13 

2.66E-04 

8.94E-11 

0.0 

2.21~-04 

SUE L €TON 

0.0 

1.43E-05 

0.0 

2.90E-04 

0.0 

2.90E-04 

8.01~-04 

2.90E-04 

2.81E-04 

5.56€-04 

8.95E-04 

2.326-04 

3.33E-04 

6.54E-04 

4.01E-04 

2.06E-07 

0.0 

0.0 

0.0 

0.0 

1.16E-12 

3.35E-04 

1.96E-10 

0.0 

2.96E -04 

w w 
QI 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSWE 1 M ABOVE CONTAMINATE0 GROUNO SURFACE 
I N  SV/YR PER BWISOUARE CHI 

NUCLIDE 

H-3 

BE-7 

BE-10 

c-11 

C-14 

N-13 

N- 16 

0- 15 

F-18 

NA-22 

NA-24 

MG-27 

MG-28 

AL-26 

AL-28 

SI-31 

SI-32 

P-32 

P-33 

5-35 

CL-36 

CL-38 

AR-31 

6R-39 

h R 4 1  

HALF-LI FE 

12.28 Y 

53.44 0 

1.6E6 Y 

20.48 M 

5 . 7 3 ~ 3  Y 

9.91 3 

7.13 S 

122.24 S 

i o 9 . n  M 

2.602 Y 

15.00 H 

9.458 M 

20.91 H 

1 . 2 ~ 5  Y 

2.240 M 

157.3 n 
3.3E2 Y 

14.29 0 

25.4 0 

87.M 0 

3.01ES Y 

37.21 M 

35.02 0 

269 Y 

1.82r H 

SKIN 

0.0 . 

1.86E-05 

0.0 

3. 8OE-04 

0.0 

3.80E-04 

1 .OTE-03  

3.81E-04 

3.69E-04 

7.59E-04 

l .25E-03 

3.24E-04 

4. r o ~ - 0 4  

8.97E-04 

5.64E-04 

2.90E47 

0.0 

0.0 

0.0 

0.0 

1.51E-10 

4. r 0 ~ - 0 4  

2.56E-08 

0.0 

4.18E-04 

S PL EEN 

0.0 

I. LO€-05  

0.0 

2.25 E-04 

0.0 

2.25E-04 

7 23E-04 

2.26E-04 

2.19E-04 

4 . 5 5 E 0 4  

r . 8 ~ - 0 4  

1.93E-04 

2. TIE-04 

5 .47~-04  

3.49E-04 

I .  m - 0 1  

0.0 

o'.o . - 
0.0 

0 . 0 ' .  

2.OlE-13 

2.93E-04 

3 . M E - 1  1 

0.0 

2 53 E-04 

STOMACH 

0.0 

I .  11E-05 

0.0 

2 28 E-04 

0.0 

2.28E-04 

r .  5 4 ~ - 0 4  

2.28E-04 

2 . 2 1  E-04 

4.60E-04 

8.O*E-04 

1.96E-04 

2.80E-04 

5.54E-04 

3 54E-04 

1 .nE-or 
0.0 

'0.0 - 
0.0 

0.0. 

1.85E-13 

2.98E-04 

3.12E-11 

0 .o 

2 56E-04 

TESTES 

0.0 

1 63 E-05 

0.0 

3.33E-04 

0.0 

3.33E-04 

1.02E-03 

3.33E-04 

3.22E-04 

6.62E-04 

1.llE-03 

2.80E-04 

4.05E-04 

7.87E-04 

4.%E-04 

2.53E-07 

0.0 

0.0 : 

o..o 
0.0 

6.58E-12 

4.15E-04 

1.11E-09 

0.0 

3.64E-04 

THY MUS 

0.0 

1.23 E-0 5 

0.0 

2 5 2 E-0 4 

0.0 

2 a 5  2 E-04 

8 -25 E-04 

2.SZE-04 

2.44E-04 

5.17E-04 

8.81E-04 

2.23E-04 

3 19 E-04 

6.14E-04 

3.93 E-0 4 

2. O Z E - O ~  

0.0 

0.0 . 

o..o 

0 . 0 ,  

1 5 1 E-1 6 

3 2 8 E-04 

2.56E-14 

0.0 

2 9 1 E -0 4 

THYRO IO 

0.0 

1.51E- os 

0.0 

3.08E-04 

0.0 

3.08E-W 

9.20E-04 

3.08E-05 

2.99E-04 

6.2lE-04 

1.02E-03 

2 . 6 r ~ - w  

3.82E-04 

r .30~-0*  

4.61E-04 

Z . ~ O E - O T  

0.0 

0.0 

0.0 

0.0 

4.53E- 13 

3.83E-04 

1.65~-  ii 

0.0 

3.45E-00 

UTERUS 

0.0 

9.88E-06 

0.0 

2.OZE-04 

0.0 

2.OZE-04 

6.55E-04 

2 OZE-04 

1.96E-04 

4 . M - 0 4  

r .  3 x - 0 4  

1 73E-04 

2 52E-04 

5.06E-06 

3.28E-04 

I .  6 I €-or 
0.0  

0 .0  

0.0 

0.0 

6.61 

2. r 6 ~ - 0 4  

l.12E-14 

0.0 

2 032E-04 

TOTAL 
800Y 

0.0 

1.30E-05 

0.0 

2.65E-04 

0.0 

2.65E-04 

8.05E-04 

2.66E-04 

2. S7E-04 

5.32E-04 

9.04E-04 

2.26E-04 

3.26E-04 

6.36E-04 

4e04E-04 

2 . 0 4 ~  -0 r 
0.0 

0.0 

0.0 

0.0 

9 . o r ~ - i t  

3.38E-04 

1.53E-09 

0.0 

2.94E-04 



PHOTOW OOSE-UATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M A0WE CONTAMINhTEO G R W Y O  SURFACE 
IN S V l V R  PER BQl(SQUARE CHI 

NUCL I OE 

K 4 0  

K-42 

K-43 

CA-41 

cA-45 

t A 4 7  

c A-49 

SC-44 

sc-46 

SC-46W 

sc-47 

sc-48 

sc-49 

TI -44  

T 1-45 

TI-51 

v-48 

v 4 9  

V-52 

CR-49 

CR-51 

MN-52 

WN-52M 

MN-53 

MN-54 

HALF-LIFE 

1.277E9 Y 

12.36 H 

22.6 H 

lm03E5 Y 

162.7 0 

4.536 0 

8.719 M 

3.927 H 

83-00 0 

18.12 s 
3.422 0 

43.67 H 

57.4 M 

47.3 Y 

3.08 H 

5.152 W 

15.971 0 

330 0 

3.75 M 

42.09 M 

27.704 0 

5.591 b 

21.4 M 

3.7E6 Y 

312.7 b 

ADRENALS 

3.1OE-05 

5.46E -0 5 

2.35E-04 

4.01E-10 

6.ZZE-15 

2.2LE-04 

5.74E -04 

4.81E-04 

6. 48E 6 4  

2.27E-05 

2.77E-05 

7.26E-04 

2.07E-07 

3.02E-05 

2.09E 4 4  

9.09E -0 5 

6.31E-04 

1.41E-09 

2.88E-04 

2.51E-04 

7.88E-06 

7.56E-04 

5.21E-04 

3.08E-09 

1.96E -04 

0L A OQER 

3.12E-05 

5.52E-05 

2.22E-04 

7 23E- 17 

5.T3E-19 

2.19E-04 

5 92E-04 

4 66 E-04 

4.3 8 E-04 

2 09E-05 

2 53 E-05 

7.15E-04 

2 1 2E-0 7 

3.22E-05 

1.98E-04 

8.47E-05 

6.25E-04 

2 64E-16 

2 90 E-04 

2 39E-04 

7.27E-06 

7 4 1 E-04 

5. L O € - 0 4  

5 55 E- 16 

1.89EO4 

BRAIN 

3 5 1  E-05 

6 21  E-05 

2 47E-04 

3.20E-11 

6.66E- 16 

2.47E-04 

6.51E-04 

5 236-04 

4.94E-04 

2 e24E-05 

2 72E-05 

8.05E-04 

2.38E-07 

3.19E-05 

2 2 LE-04 

9.30E-05 

7.02E-04 

1.17E-IO 

3.27E-04 

2.64E-04 

7.94E-06 

8.34E-04 

5 72E-04 

2.45E- LO 

2.13E-04 

0REAST 

3.88E-05 

6.87E-05 

2.97E-04 

3.14E-08 

2.97E-13 

2 74E-04 

1 - 5 1  E-04 

5.99E-04 

5.49E-04 

3.59E-05 

4.23E-0 5 

8.93E-04 

20 63 E-07 

6.45 E-05 

2.63E-04 

1.19E-04 

7.89E-04 

1. isE-07 

3.61E04 

3.29E-04 

1 06 E-05 

9.35E-04 

6.54E-04 

2.4LE-07 

2.39E-04 

HE ART 

3.09E-0 5 

5.47E-0 5 

2.17E-04 

5.22E-11 

1.OlE-15 

2 1 7 E-04 

5.93 E-0 4 

4 59 E-04 

.4.33E-04 

2.06E-05 

2.50E-05 

7 O 7 E  -0 4 

2.11E-07 

2.86E-05 

1.94E-04 

8.28E-05 

6.17E-04 

1.9 1 E-10 

2087E-04 

2 33 E-04 

7. LO€-06 

7.32E-04 

5 OZ E-0 4 

4.01 E-LO 

1.87E-04 

WP ER 
LARGE 

INTESTI NE 

3.29E-05 

5.83E-05 

2.31E-04 

9.91E-13 

8.14E-18 

2.3lE-04 

6.  3OE-04 

4.88E-04 

4.61E-04 

2 20E-05 

2.66E-05 

7.53E-04 

2 2 s - 0  7 

3.06E-05 

2 06E-04 

8. T7E-05 

6.56E-06 

3.62E-12 

3 06E-04 

2.47E-04 

1. SlE-06 

7.79E-04 

5.34E-04 

7.6lE-12 

1.99E-04 

LOWER 
LARGE 

INTESTINE 

3.03E-05 

5.37E-05 

2.13E-04 

1.65E-10 

3.09E-15 

2.13E-04 

5.81E-04 

4.50E-04 

4.24E-04 

2.0 ZE-05 

2.46E-05 

6.93E-04 

2.07E-07 

2.13E-05 

1.90E-04 

8.18E-05 

6.04E-04 

6.01 E- 10 

2.82E-04 

2.28E-04 

7.03E-06 

Tell€-04 

4.936-04 

1.26E-09 

L.82E-04 

W 
W 
(x, 



. .  

PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M A B W E  CONTAMINATED GROUND S U R F A C E  
I N  SV/VR P E R  8WtSQUARE CMI 

NUCLIDE 

K-40 

K-42 

K-43 

c A-41 

CA-45 

cfi-41 

c A-49 

sc-44 

SC-46 

SC-4bM 

s t - 4 ~  

SC-48 

sc-49 

11-44 

TI-45 

11-51 

V 4 8  

v-49 

V-52 

CR-49 

ca-51 

MN-52 

MN-52M 

MN-53 

MN-54 

HALF-LIFE 

i . n r ~ 9  Y 

12.36 H 

22.6 H 

1.03E5 V 

i 6 2 . r  o 

4.536 0 

8.119 M 

3.927 H 

43.'80 0 

16-12 S 

3.422 .O 

43.61 H 

51.4 .M 

47.3 Y 

3.08 H 

5.752 M 

i s . 9 r i  .o 

330 D 

3.15 M 

42.09 M 

27.704 D 

5.591 0 

21.4 M 

3.113 v 

312.7 0 

K I D N E Y S  

3.29E-05 

5.83E-05 

2.30E-04 

4 ..BO€ -1 3 

r .  1 3 ~ - 1  r 
2.30E-04 

6.48E-04 

4.  ~ n - 0 4  

4.60E - 0 4  

2.12E-05 

2 e ' 5 8 E - 0  5 

T.. 5 1 E -04 

2 . 2 5 ~ - 0 r  

3.33E -0 5 

2.06E -04  

8 . m - 0 5  

6.55E-04 

L. 1 6 ~ 4 2  

3.05E-04 

2 . 4 r ~ - 0 4  

7.51E-06 

r . r n - 0 4  

5.34E-04 

3 69E-12 

1.98E-04 

LIVER 

3 12E-0 5 

5 52E-05 

2.21E-04 

3 e.90 E- 1 2 

2.13E-16 

2.19E-04 

5 96E-04 

4 . 6 4 6 0 4  

4.36E-04 

2.09E-05 

2.53E-05 

7.12E-04 

2.12E-OT 

3.19E-05 

1.9TE-04 

8.43E-05 

6.22E-04 

1 42 E-1 1 

2.90E-04 

2 . 3 7 ~ - 0 4  

r .  ~ ~ - 0 6  

7.38E-04 

5.09E-04 

2 99E- 1 1 

LUNGS 

3.29E-05 

5.82E-05 

2 . 3 1 ~ 0 4  

3.  irE-10 

5.62E-15 

2 3 2 6 0 4  

6.19E-04 

4.95E-04 

4 e64E-04 

2..30E-05 

2 .  r e ~ - o 5  

T.56E-04 

2 24E-OT 

3.5 2E-05 

2 12E-04 

9.08E-05 

6.62E-04 

1.16E-09 

:3 -06E-04 

2.56E-04 

r .  8 2 ~ - 0 6  

T .  8 5E-04 

5.41E-04 

2.43E-09 

MARROW 

3.44E-05 

6.OTE-05 

2 . 1 5 ~ - 0 4  

1 90E-I  0 

4.85E- 15 

2.45E-04 

6.34E-04 

5.46E-04 

4.95E-04 

3.  SO€-05 

4.lOE-05 

8.03E-04 

2.31E-01 

6.  L E - 0 5  

2.43E- 04 

1.11E-04 

1.12E-04 

6 ~ 9 5 E - 1 ' 0  

-3.20E-04 

3.07E-04 

9.80E-06 

4 - 4 3  E-04 

5.9lE-04 

1.46E-09 

R E D  
MARROW 

3 3 2 E-0 5 

5.87 E-li 5 

2.43E-04 

1.04E-10 

1.88E-15 

2.34E-04 

6.4lE-04 

5.03E-04 

4.69E-04 

2.11 E-05 

2.63E-0 5 

7.64E-04 

2 . 2 6 ~ - 0 r  

2.24 E - 0  5 

2.16E-04 

9.35E-05 

6 TO E-04 

3 80 E-10 

3.08E-04 

,2.56E-04 

8.08E-0 6 

1.95 E-04 

5 49 E-04 

T .  99E-10 

O V A R I  ES 

2.93E-05 

5 .  LTE-05 

2.11E-04 

1 . 5 7 ~ -  io 
2.89E-15 

2.OBE-04 

5.24E-04 

4.45E- 04 

4.21E-04 

1 8 1E-05 

2 20E-05 

6.83E-OQ 

i . 9 6 ~ -  or 
2.62E-05 

I. 89E.-W 

r .  8 3 ~ - 0 5  

5.96E-04 

5.  r 4 ~ -  i o  

2.73E-04 

2.25E-04 

6.66E-06 

~ . O I E - O +  

4.83E-04 

1.21E-09 

P A N C R E A S  

2 .  ?LE-05 

4.  r 9 ~ - 0 5  

1.90E-04 

2.34E-LO 

3.  r 6 ~ - i 5  

1.89E-04 

5.28E-04 

4.01E-04 

3. TIE-04 

1 73E-0 5 

2.13E-05 

6.16E-04 

i .  B ~ E - O ~  

2 . W - 0 5  

L. r o e 0 4  

r .  21x-05 

5.38E-04 

8.56E-1'0 

2 5 1E ~ 0 4  

2.02E-04 

6.26E-06 

6.38E-04 

4.4OE-04 

1.80E-09 

SK ELETON 

3.49E-05 

6.11E-05 

2. rw-04  

5.14E-LO 

9.16E-15 

2.49F-04 

6.43E-04 

5. 54E-04 

5.04E-04 

3.59E-05 

4.2OE-05 

8.16E-04 

2 . 3 5 ~ 0 7  

6.33E-05 

2 . 4 1 ~ 0 4  

1.13E-04 

7 . 2 4 ~ - 0 4  

1.88E-09 

3.25E-04 

3.12E-04 

9.98E-06 

8.51E-04 

6.01 E-04 

3.95E-09 

w 
w 
L D  



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGAYS FOR EXPOSURE 1 M ABOVE CONTAMINATE0 GROUND S U R F A C E  
I N  s v m  P E R  B W ~ S Q U A R E  tn) 

NUCLIDE 

K-40 

K-42 

K-43 

cs-41 

CA-45 

CA-47 

CA-49 

sc-44 

SC-46 

SC-464 

sc-47 

sc-48 

SC-49 

11-44 

T 1-45 

T I - 5 1  

v-4 8 

v-49 

V-52 

CR-49. 

CR-51 

PN-52 

MN-52W 

MN-53 

MN-54 

HALF-LIFE 

1.277E9 Y 

12.36 H 

22.6 H 

1.03E5 Y 

162.7 0 

4.536 0 

8.719 M 

4.927 H 

83 .80  D 

18.12 s 

3.422 0 

43.67 H 

57.4 Y 

47.3  Y 

3 .08  H 

5.752 M 

15.971 0 

330 0 

3.75 M 

42.09  M 

27.704 0 

5.591 0 

21 .4  Y 

3.7E6 Y 

312.1 D 

SKIN 

4.93E-0 5 

8.7OE-05 

3.63E-04 

6 70E -0 8 

5.57E -1 3 

3.50E-04 

8.85E-04 

7.55E-04 

7.07E -04  

3.44E-05 

4.14E -0 5 

1.15E-03 

3.30E-O 7 

5.84E-05 

3 .25E-04 

1.38E-04 

1.01E-03 

2.45E-07 

4.59E -04 

3.93E-04 

1 22E-0 5 

1.19E-03 

8.20E-04 

5.14E-07 

3.08E-04 

SPL EEN 

3.01 E- 05 

5.32E-05 

2 .' i 6 ~ - 0 4  

9.04E-11 

1 96E-15 

2 . l l E - 0 4  

5.73E-04 

4.5 1E-04 

4.22E-04 

2.09E-05 

2.53E-05 

6.89E-04 

2 0 4  E-0 7 

2.93E-05 

1 - 9 2  E-04 

8.30E-05 

b.03E-04 

3.30E- 10 

2.79E-04 

2 32 E-04 

7.16E-06 

7.15E-04 

4.93E-04 

6.94E-IO 

1.82E-04 

STOMACH 

3 O4E-05 

5.37E-05 

2.18E-04 

8.17E-11 

1.92E-15 

2.14E-04 

5.94E-04 

4.57E-04 

4.30E-04 

2 07 E-05 

2 5 1  E-05 

7 ODE-04 

2 .O7E-O7 

2 99E-0 5 

1 94E-04 

8.32E-05 

6.12E-04 

2.99E-10 

2.82E-04 

2 3 4E-0 4 

7.15E-06 

7.25E-04 

4.98E-04 

6.2TE-10 

1 86 E-04 

TESTES 

4.31 E-05 

7.61 E-05 

3.18E-04 

2.91E-09 

4.34E-14 

3.04E-04 

8.10 E-04 

6.58E-04 

6.12E-04 

3 20E-05 

3 84 E-05 

9.96 E-04 

2.90E-07 

5.37E-05 

2.84E-04 

1.22E-04 

8.74E-04 

1.06E-08 

4.00E-04 

3.46E-04 

1.06E-05 

1 04E-03 

7.16E-04 

2.23E-08 

2.66E-04 

THY MUS 

3.44E-0 5 

6.06 E-0 5 

2 -43  E-04 

6 .  TOE-14 

1.96E-17 

2.43 E-04 

6 .3  7 E-04 

5.13E-04 

4.90E-04 

2.47E-05 

2 -95  E-0 5 

7.9 8 E-0 4 

2.30 E-07 

4.19E-05 

2.15E-04 

9.32E-05 

6 92 E-0 4 

2 45 E-1 3 

3.20E-04 

2.62E-04 

7.98E-06 

8.2 1 E-04 

5.58E-04 

5.14E-13 

2ml lE -04  

THYRO IO 

4.06E-05 

7.15E-05 

2 97E-04 

2 .  ODE- 10 

5.45E- 15 

2.88E-04 

7 27E-04 

6.18E-04 

5.84E-04 

3.16E-05 

3.76E-05 

9.49E-04 

2.7OE-07 

5.33E-05 

2.63E-04 

1.15E-04 

8 2 7E-04 

7.33E-10 

3.  78E-04 

3.22E-04 

9.93E-06 

9.80E-04 

6.7OE-04 

1.54E-09 

2.53E- 04 

UTERUS 

2.79E-05 

4.94E-05 

1 93E-04 

2.92E -1 4 

7 3 1E-19 

1.93E-04 

5.33E-04 

4.07E-04 

3.82E-04 

1.84E-05 

2.23E-05 

6.26E-04 

1.92E-07 

2.56F-05 

1.72E-04 

7.42E-05 

5 . 4 7 ~ - 0 4  

1.07E-13 

2 .  58E-04 

2.OTE-04 

6.39E-Ob 

6.50E-04 

4 50E-04 

2 24E-13 

1 63E-04 

TOTAL 
800Y 

3.49E-05 

6.17E-05 

2.53E-04 

4.OlE-09 

4.89E-14 

2.46E-04 

6.54E-04 

5.28E-04 

4.94E-04 

2.50E-05 

3.01E-05 

8.03E-04 

2.36E-07 

4.02E-05 

2.26E-04 

9.73E-05 

7.04E-04 

l .47E-08 

3.24E-04 

2.74E-04 

8.4 1 E-0 6 

8.35E-04 

5.76E-04 

3.08E-08 

2.14E-04 

w 
P 
0 



PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATE0 GROUYO SURFACE 
IN sv iya  PER BQ/(SQUARE cnt  

NUCLIDE 

MN-56 

MN-57 

F€-52 

FE-55 

F E - 5 9  

CO-56 

CO-57 

C@-58 

ca-wn 
C0-60 

C b 6 O Y  

CO-61 

N 1-56 

N I - 5 7  

Y1-59 

N1-63 

N1-65 

CU-61  

CU-62 

CU-64 

cu-61 

ZN-62 

ZN-65 

ZN-69 

ZN-69Y 

HALF -L I FE 

2.5185 H 

1.47 M 

8 . 2 7 5 ' ~  

2.7 Y 

44.63 0 

7 8 . n  o 

210.9 0 

70.80 o 

9.15 H 

s . 2 ~ 1  Y 

10.47 M 

1.650 H 

6.10 0 

36.08 H 

?.5E4 Y 

100.1 Y 

2.520 H 

3.408 n 

9 - 1 4  M 

12.701 H 

61.88 0 

9.26 H 

244.4 0 

55.6 W 

13.76 H 

AOREN ALS 

3.66E-04 

I .61E -0 5 

I. r9E -04 

4.30E-09 

2.52E-04 

7.55E-04 

3.01E - 0 5  

2.30E-04 

7.28E -09 

5.20E-04 

9 . 0 6 ~  -01 

1.96E-05 

4.02E-04 

4.02E-04 

8.10E-09 

0.0 

1.13E-04 

1.96E-0'4 

2.41E-04 

4.526-05 

2 .88E-05 

1.07E-04 

1.26E-04 

1.47E -09 

1. O l E  -04  

BL A00 E R 

3.64E-04 

1.60E-05 

1 68E-04 

r . 7 5 ~ -  16 

2.49 E-04 

7.53E-04 

2 80E-05 

2 21E-04 

4.41 E-1 0 

s . i r ~ - 0 4  

9 . 3 3 ~ - 0 7  

2 .OSE-05 

3.86E-04 

3.99E-04 

1.46E-15 

0.0 

I. 12E-04 
. .  

i . 8 r ~ - o 4  

2.29E-04 

4.29E-05 

2.66E-05 

1.03E-04 

1.24E-04 

1 38E-09 

9.54E-05 

BRAIN 

4.08E-04 

I .  7TE-05 

1.86E-04 

3.43E-10 

2 - 8  1 E- 04 

8.43 E-04 

2.99E-05 

2.48E-04 

1. I8E- LO 

5.82 E-04 

9.95E-01 

2.10E-05 

4 3 LE-04 

4.48E-04 

6 e45 E-10 

0.0 

1.2TE-04 

2.08E-04 

i .5SE-04  

4.79E-05 

2.836-05 

1.13E-04 

1 40E-04 

1 -52E-09 

1.06E-04 

BREAST 

4 .  57 E- 04 

t .38E-05 

2.36E-04 

3.  m - 0 7  

3.1lE-04 

9.48E-04 

5.14E-05 

2 82 E-04 

5.41E-0 1 

6 43E-04 

1 98E-06 

3.64E-05 

5. I Z E - 0 4  

5.07E-04 

6.34E-07 

0.0 

1.41E-04 

2.486-04 

3.04E-04 

5 . 7 3 ~ - 0 5  

4045E-05 

1 40E-04 

1 56 E-04 

1 89E-09 

1 30E-04 

HE ART 

3 6 1 E -0 4 

1 57E-05 

1 65 E-04 

5.60.E-LO 

2.46E-04 

r .47 E -0 4 

2.76 E-0 5 

2.18E-04 

1.08E-09 

5 1 1 E-04 

8. ~ S E - 0 7  

1 .86 E-0 5 

3 e80E-04 

3.95 E-04 

1.05E-09 

0.0 

1. L l E - 0 4  

1.82E-04 

2 24 E-04 

4.20E-05 

2.59E-05 

9.96E-05 

1.22E-04 

1.35 E-09 

9.31E-05 

SMAL L 
INTEST I N €  

3.32E-W 

1.41E-05 

i . 4 n - w  

7.23E- 12 

2.26E-04 

6.89E-W 

2.38E-05 

1.9 r E- 04 

1.98E- IO 

4 .  r1E-w. 

8. oeE-or 
1 69E-05 

3.44E-04 

3.63E-04 

1 36E- 11 

0.0 

1.03E-04 

1.64E-05 

2.02E-04 

3. IBE-os 

2 29E-05' 

8.99E-05 

1.12E-04 

1.21E-09 

E . ~ ~ E - O S  

W P E R  
L4RGE 

1 NTESTI  NE 

3.84E-04 

1.68E-05 

1 75E-04 

1.06E-I I 

2.62E-04 

7.95E-04 

2.96E-05 

2.32E-OQ 

5. 6 7 ~ - 1 0 '  

5.44E-04 

9.396-07 

1 99E-05 

4.04E-04 

4.2OE-04 

2.00E-11 

0.0 

1.19E-04 

1 94E-04 

2.38E-04 

4.45E-05 

2.76F-05 

1.06E-04 

1 3OE-04 

1 43E-09 

9.8?E-05 

L o w  
LARGE 

INTESTINE 

3.54E-04 

1.54E-05 

1 6 ZE-04 

1. T~E-09 

2.42E-04 

7.34E-04 

2.6 8 E-0 5 

2.13E-04 

3.14E -09 

5.0 1E-04 

8.58E-07 

1.19E-05 

3. 7 3 ~ - 0 4  

3.8?E-04 

3.32E-09 

0.0 

1.09E-04 

1.79E-04 

2.20E-04 

4.11E-05 

2.55E-05 

9.78E-05 

1.20E-04 

I. 32E-09 

9.15E-05. 



. . .  I .  . a .  

PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATE0 GROUND SURFACE 
I N  SVIYR PER BQ/(SQUARE 60 

NUCLI DE 

YN-56 

HN-57 

FE-52 

FE-55 

FE-59 

CO-56 

CO-57 

C b S 8  

C0-58H 

co-60 

C0-60M 

C0-61 

N 1-56 

Nl-ST 

#I -59 

U l - 6 3  

U T - 6 5  

C U - 6  1 

CU-62 

CU-64 

CU-67 

ZN-62 

ZN-65 

ZN-69 

ZN-694 

HALF-LIFE 

2.5785 H 

1-47  H 

8.275 H 

2.7 V 

44.63 0 

78.76 0 

270.9 0 

70.80 0 

9.15 H 

5.271 Y 

10.47 M 

1.650 H 

6.10 0 

36.08 H 

7.5E4 Y 

100.1 Y 

2.520 H 

3.408 H 

9.74 W 

12.701 H 

61.88 0 

9.26 H 

244.4 0 

55.6 W 

13.76 ti 

KIDNEYS 

3.85E-04 

1.66E-05 

1.74E-04 

5.16E-12 

2 . 6 2 E d 4  

7.99E-04 

2 84E-05 

2.31E-04 

8 59E-I 0 

5.43E -0 4 

9.89E-07 

Z . l S E - 0 5  

Q.03E-04 

4.ZOE-04 

9 TOE-1 2 

0.0 

1.18E-04 

1.94E-04 

2.38E-04 

4.45E-05 

2.72E-05 

1.0TE-04 

1.30E-04 

1.63E-09 

9.87E-05 

LI VEP 

3 64E-04 

1.59E-05 

l .67E-04 

4.18E-I1 

2.48E-04 

T.53E-04 

2.80E-05 

2 .20E-04 

3.61 E-1 0 

5 15 E-04 

9.24E-07 

2.03E-05 

3.84E-04 

3.99E-04 

7.87E-11 

0.0 

1 12E-04 

1 85F-04 

2 28 E-04 

4 27E-05 

2 6%-05 

1 .OX-04 

1 23F-04 

1 37E-09 

9.48E-05 

LUNGS 

3.85E-04 

1.7ZE-05 

1.8lE-04 

3.40E-09 

2.63E-04 

7.95E-04 

3.10E-05 

2.35E-04 

5.95E-09 

5 A6E-04 

9.96E-07 

2.21E-05 

4.12E-04 

4.2 3E-04 

6.40E-09 

0.0 

1.19E-04 

1 99E-04 

2 -4SE-04 

Q.58E-05 

2.90 E-05 

1 09E-04 

1.3 LE-04 

1.48E-09 

1.02E-04 

MARROW 

4.07E-04 

2.08E-05 

2.20E-04 

2.04E-09 

2.79E-04 

8.4OE-04 

4. ME-05  

2. 58E-04 

*.OB€-09 

5.74E-04 

1.26E-06 

3.38E-05 

4. TOE-04 

4. S C E - 0 4  

3.84E-09 

0.0 

1.25 E-04 

2.29E-04 

2.81E-04 

5.26E-05 

4.25E-05 

1.2TE-04 

1.39E-04 

1.76E-09 

I. 20E-04 

RED 
YARROW 

3.91E-04 

1.69E-05 

1.82E-O4 

l . l Z E - 0 9  

2.66E-04 

8.09E-04 

2.70 E-0 5 

2.3 9 E -0 4 

1.96E-09 

5.5 LE-0 4 

8.66E-0 7 

1 65E-0 5 

4.16 E-04 

4 28 E-04 

2.10E-09 

0.0 

1 -20  E-04 

2.03E-04 

2.50E-04 

4.68E-05 

2.73 E-0 5 

1 11 E-04 

1 32E-04 

1.52E-09 

1.05E-04 

O V A R I E S  

3.43E-05 

1.49E-05 

1.57E-05 

1.68E-09 

2.37E-W 

7.OfiE-04 

2.42E-05 

2.13E-04 

3.OSE-09 

4.91E-04 

8.4+E-07 

I .  77E- 05 

3 66E-OI 

3.76E-04 

3.lTE-09 

0.0 

1.06E-04 

1.78E-05 

2.19E-04 

4. LO€-05 

2.31E-05 

9.76E-05 

1.19E-04 

1.29E-09 

9. OOE- 05 

P ANCR EAS 

3.1%-04 

1.36E-05 

1 **E-04 

2. SLE-09 

2.lSE-04 

6. 5QE-04 

2.28E-05 

1 89E-04 

4.26E-09 

4.46E-04 

T .  4 1 E-07 

1.48E-05 

3.3 LE -06 

3.45E-04 

4. T3E-09 

0.0 

9.73E-05 

1 60E-04 

1 96E-04 

3.67E-05 

2.2lE-05 

8.7lE-05 

1 O7E-04 

1 18E-09 

8.18F-05 

SKELETON 

4.14E-04 

2.12E-05 

2.24E-04 

5.526-09 

2.83E-04 

8.54E-04 

5.00E-05 

2.62E-04 

9.696-09 

5.84E-04 

1.29E-06 

3.46E-05 

5.79E-04 

4.61E-04 

1.04E-08 

0.0 

1 27 E-04 

2.32E-04 

2.86E-04 

5.34E-05 

4.36E-05 

1.29E-04 

1. S2E-04 

1. T9E-09 

1.2ZE-04 

w 
P 
N 

. 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATED GRrJUYO SURFACE 
I N  S V I Y R  PER BWISQUARE cI1) 

NUCLIDE 

MN-56 

UN-57 

FE-52 

FE-55 

FE-59 

CO-56 

co-57 

CO-58 

CO-58W 

C0-60 

C 0-60M 

CO-61 

Nl-56 

NI-57 

11-59 

N 1-63 

NI-65 

Clt-6 1 

CU-62 

Clt-64 

c u d 7  

ZN-62 

ZN-65 

ZN-69 

ZN-69M 

HALF-LIFE 

2.5785 H 

1.47 M 

8.275 H 

2.7 Y 

44.63 0 

78.76 0 

270.9 0 

70.80 0 

9.15 H 

5.271 Y 

10.47 M 

1.650 H 

6.10 0 

36.08 H 

7.5E4 Y 

100.1 Y 

2.520 H 

3.408 H 

9.74 n 

12.701 H 

61.88 0 

9.26 H 

244.4 0 

55.6 M 

13.76 H 

S K I N  

5.78E-04 

2.87E-05 

2.76E-04 

7.19E-07 

3.99E-04 

1.19E-03 

4.99E-05 

3.61E-04 

1.15E-06 

8 24E -0 4 

2.80E-0 6 

3.6 7E-05 

6.28E-04 

6.37E-04 

L.35E-06 

0.0 

1.79E-04 

3.06E-04 

3; 75E -04 

7.1OE-05 

4.43E-05 

1.73E-04 

2.01E-04 

2 . 2 5 E 4 9  

1.56E-04 

S PL €EN 

3.5lE-04 

1 56E-05 

1.64E-04 

9.70E-10 

2 40E-04 

7.26E-04 

2. TEE-05 

2.13E-04 

1.85E-09 

4e98E-04 

8.70E-07 

1.88E-05 

3.74E-04 

3.86E-04 

1 83 E-09 

0.0 

1. OBE- 04 

1; 8 1 E-04 

2.22E-04 

*e l l€ -05  

2.63E-05 

9.9OE-05 

1.19E-04 

1 35 E-09 

9.30E-05 

STOMACH 

3.58E-04 

I .  57E-05 

1 65E-04 

8.77E-10 

2.43E-04 

7.4 1E-04 

2 77E-05 

2 1 7E-04 

1 74E-09 

5 O4E-04 

8 87E-07 

1.93E-05 

3.79E-04 

3.90E-04 

1 e 6 5  E-09 

0.0 

-1.10E-04 

1; 83 E-04 

2 25E-04 

4 2 1 E-05 

2.61E-05 

1.00E-04 

l.2lE-04 

1.35E-09 

9.36 5 0 5  

TESTES 

5.OSE-04 

2 33 E-05 

2.44E-04 

3.lZE-08 

3.46E-04 

1 Ob€-03 

4.38E-05 

3.l2E-04 

5.16E-08 

7. l7E-04 

1.45E-06 

3.27E-05 

5.49E-04 

5.5QE-04 

5.87E-08 

0.0 

I. %E-09 

2.67E-04 

3.28E-04 

6.15E-05 

4.04E-05 

1.48E-04 

1 73 E-04 

1.99E-09 

1 3 7 E-04 

THY MUS 

4 -00  E-04 

1 B O € - 0  5 

1 8 5 E-04 

7.19E-13 

2.78E-04 

8 27E-04 

3 36 E-05 

2 4 5 E-04 

4.08E-10 

5.74E-04 

1.09E-06 

2 56 E-0 5 

4.3OE-04 

4.38E-04 

l.35E-12 

0.0 ' ' 

1 24 E-0 4 

2.- 03 E-04 

2.49E-04 

4.66E-05 

3.10E-05 

1-13 E-0 4 

1 3 8 E-04 

1.50E-09 

1.03E-04 

UTERUS 

3.23E-04 

1.39E-05 

1 47E-04 

3.14E-13 

2.19E-04 

6.67E-04 

2 44E-05 

1 91E-04 

7 77E-11 

4.56E-04 

7.84F-07 

1 66E-05 

3.36E-04 

3.9%-04 

5 90E-13 

0.0 

9.98E-05 

1 62E-04 

1 99E-04 

3.73E-05 

2.33E-05 

8.85E-05 

1.08E-04 

1.20E-09 

8.3lE-05 

TOT AL 
BOOY 

4.08E-04 

1.86E-05 

1.94E-04 

4.3OE-08 

2.80E-04 

8.44E-04 

3.42E-05 

2.50E-04 

T.00E-08 

5.79E-04 

1.16E-06 

2.49E-05 

5.40E-04 

4.49E-04 

8.10E-08 

0.0 

1 26E-04 

2.13E-04 

2.62E-04 

4.90E-05 

3.16E-05 

1.18E-04 

1.39E-04 

1.58E-09 

1.09E-04 

W 
P 
W 



PHOTP( OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATE0 GROUYQ 
I N  S V I Y R  PER BO/(SOUARE CHI 

SURFACE 

NUCL I 0 E 

GA-66 

GA-67 

GA-68 

GA-72 

GE-68 

GE-71 

GE-77 

AS-72 

AS- 73 

AS-74 

AS-76 

AS-77 

sE-73 

SE-75 

SE-79 

BR-77 

BR-80 

BR-BOM 

8R-82 

BR-83 

BR-84 

8R-85 

KR-79 

K R - 8 1  

KR-83M 

HALF-L IFE 

9.40 H 

3.261 0 

68.0 M 

14.1 H 

2 8 8  0 

11.8 0 

11.30 H 

26.0 H 

80.30 0 

17.77 0 

26.32 H 

38.8 H 

7.15 H 

119.78 0 

6.5E4 Y 

57.04 H 

17.4 M 

4.42 H 

35.30 H 

2.39 H 

31.80 M 

172 S 

35.04 H 

2 . lE5 V 

1.83 H 

ADR EN ALS 

5.07E-04 

3.58E-05 

2.27E-04 

5.78E-04 

2.27E-08 

2.29E-08 

2.50E-04 

4.18E-04 

1.06E-06 

1 8 3E -04 

9.88E-05 

2.13E-06 

2.63E-04 

9.71E-05 

0.0 

7.65E-05 

1.78E-05 

1.53E-06 

6.02E-04 

1.79E-06 

3.59E-04 

1. 51E-05 

6.09E -0 5 

2.58E-06 

3.49E-08 

BLAODER 

5 06E-04 

3 &E-0 5 

2.16E-04 

5 77E-04 

5016E-15 

5.22E-15 

2.38 E-04 

4.02E-04 

1.19E-06 

1 74E-04 

9.54E-05 

1.98E-06 

2.50E-04 

8095E-05 

0.0 

7 .  2OE-0 5 

1. TOE-05 

2.12 E-06 

5 .84E04  

1 7OE-06 

3.62E-04 

1 47E-0 5 

5.74E-05 

2.29E-06 

2.18E-09 

BRAIN 

5.62E-04 

3.59E-05 

2.4OE-04 

6 46 E-04 

1.82E-09 

1 84E-09 

2 . 63 E-04 

4.49E-04 

1.03E-06 

1.95 E-04 

1.07E-04 

2.16E-06 

2.75E-04 

9.67E-05 

0.0 

7.95E-05 

1.90E-05 

1 WE-06 

6 55 E-04 

1 896-06 

4.03E-04 

1 6 5E-05 

6.35E-05 

2.49E-06 

4.71 E-09 

BREAST 

6.47E-04 

5 54E-0 5 

2.86E-04 

1.26E-04 

1. ?6E-06 

1.78E-06 

3.UE-04 

5.2lE-04 

7. 58E-06 

2 29E-04 

1.23E-04 

2.90E-06 

3 48E-04 

1.42E-04 

0.0 

I. 02 E-04 

2.24E-05 

1.21E-05 

7043E-04 

2 24 e-0 6 

4.  %E-04 

1.85E-05 

8.21E-05 

7.236-06 

1 56 E-0 6 

HE ART 

5.02E-0 4 

3.2 5 E-05 

2.11 E-04 

5.73E-04 

2.96E-09 

3.00 E-09 

2.33E-04 

3 95 E-04 

9.13E-07 

1 7 1 E -0 4 

9.38 E-0 5 

1.93E-06 

2.43 E-04 

8.75E-05 

0.0 

7.04E-0 5 

1.67E-05 

1 03 E-06 

5.75E-04 

3.666-06 

3.60E-04 

1 45E-0 S 

5.61E-05 

2.25 E-06 

6.57E-09 

UPPER 
SMALL LARGE 

INTESTINE INTESTINE 

4.65E-09 

2.88E-05 

1.90E-OI 

5.27E-Ol 

3 96E- 11 

4.01E- 11 

2. l lE-04 

3.57E-04 

8.58E- 07 

1.54E-05 

8. 50E-05 

1.73E-06 

2.18E-04 

7. 77E-05 

0.0 

6 e.33 E- 05 

1.50E-05 

1.15E-06 

5.22E-04 

1.49E-06 

3.35E-04 

1 32 E- 05 

5.05E-05 

2 01 E-06 

1.46E-09 

5.34E-04 

3.46E-05 

2.24E-OI 

6.10E-04 

5 34E-11 

5 40E-11 

2.48E-04 

4.19E-04 

1.02E-06 

1.81E-04 

9.96E-05 

2 OS€-06 

2 51E-04 

9 28E-0 5 

0.0 

7.47E-05 

1 77E-05 

1 62E-06 

6.12E-04 

1.76E-06 

3.83E-04 

1.55E-05 

5.96E-05 

2.37E-06 

I .  78E-09 

LOUER 
LARGE 

INTESTINE 

4.94E-04 

3.2OE-05 

2.07E-04 

5. a2E-04 

9.34E-09 

9.65E-09 

2.30E-04 

3.86E-04 

9.21 E-07 

1.67E-04 

9.19E-05 

1.91 E-06 

2.38E-04 

8.64E-05 

0.0 

6.93E-05 

1.63E-05 

1.27E-06 

5.63E-04 

1.63E-06 

3.55E-04 

1.42E-05 

5.53E-05 

2.26E-06 

1.8lE-08 

W 
P 
P 



PHOTON O O S E - R A T E  CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE C Q N T A M I N A T E O ' G R O U N O  S U R F A C E  
IN SV/YR PER BW(S9UARE 041 

NUCLIOE 

GA-66 

GA-67 

GA-68 

GA-72 

GE-68 

G E T 1  

CE-77 

AS-72 

AS-73 

AS-74 

AS-76 

AS-77 

s E- 13 

SE-75 

SE-79 

0R-77 

BR-80 

0R-8OM 

BR-82 

8R-83 

0 R-84 

8R-85 

KR-79 

KR-81 

KR-83M 

HALF -L I F E  

9 - 4 0  H 

3.261 0 

68.0 M 

14.1 H 

288 0 

11.8 Q 

11.30 H 

26.0 H 

80.30 0 

17-17 0 

26.32 H 

38.8 H 

7.15 H 

119.78 0 

6.5E4 Y 

57.04 H 

17 .4  M 

4.42 H 

35.30 H 

2.39 H 

31.80 M 

172 S 

35.04 H 

2. lE5 Y 

1.83 H 

K I O N E Y S  

5.41E-04 

3.44E-05 

2.24E-04 

6 . lZE-04  

2.86E-11 

2.91E-11 

2.47E-04 

4.19E-04 

1.32E -06 

1.81E-04 

9.96E-05 

2.04E-06 

2.59E-04 

9.19E-05 

0.0 

7.46E-05 

1.77E-05 

2.90E-06 

6.  IOE-04  

1.76E-06 

3.88E-04 

1.54E-05 

5.95E-05 

2.37E-06 

4.07E-09 

L I V E P  

5.07E-04 

3.33E-05 

2.14E-04 

5 . 7 7 E 0 4  

2.27E-10 

2 30E-10 

2 37E-04 

3 99E-04 

1.14E-06 

1.73E-04 

9.49E-05 

1.97E-06 

2.48E-04 

8.91 E-05 

0.0 

7.16E-05 

1.69E-0 5 

1.65E-06 

5 8 I E-04 

1.69E-06 

3.63E-04 

1 i 4 6  E-05 

5 7lE-05 

2 29E-06 

3.02E-09 

LUNGS 

5 34 E-04 

3.64E-05 

2.30E-04 

6.11E-04 

1 8QE-08 

1.82 E-08 

2.54E-04 

4.27E-04 

1.3 ZE-06 

1 06 E-04 

1.OlE-04 

2 13E-06 

2 6 7E-04 

9 70E-0 5 

0 .o 

7 71 E-05 

1 8lE-05 

1 98E-06 

6.19E-04 

1 8 1 E-06 

3 8 1 E-04 

1 56E-05 

6 14E-OS 

2 54E-06 

3 . 2 5 E 0 8  

MARROW 

5.69E-04 

5.1lE-05 

2.64E-04 

6.45E-04 

1.09E-08 

1.10E-08 

2.97E-04 

4.76E-04 

2.32E-06 

2.11E-04 

1.12E-04 

2.72 E-06 

3.22E-04 

1 32E-04 

0.0 

9.20E-05 

2 04E-05 

3.39E-06 

6.75E-04 

2.07E-06 

3.98E-04 

1 68 E-0 5 

7.26E-05 

3 25 E-06 

3.07E-08 

R E O  
MARROW 

5,48E-04 

3.45E-0 5 

2.35 E-0 4 

6 2 0 E -04 

5.90E-09 

5.97E-09 

2.5 8 E-04 

4.3 5 E-0 4 

6.51E-07 

1 90 E-0 4 

1.03E-04 

2 16 E-0  6 

2 6 9  E-0 4 

9.59E-05 

0.0 

7 8 6 E -0 5 

1 e85 E-05 

7.89E-07 

6.29E-04 

1 85 E-06 

3 90 E-04 

1 5 8 E-05 

6.2 8 E-0 5 

2 .  57E-06 

1.10E-08 

O V A R l  ES 

4.67E-Ob 

2 97E-05 

2 06E-W 

5.40E-04 

8.9OE-09 

9.00E-09 

2.22E-04 

3.84E-04 

9.46E-07 

1.67E-04 

9.11E-05 

1.8LE-06 

2 35E-04 

7.99E-05 

0.0 

6 .  75E-05 

1.63E-OS 

1 42E-06 

5.60E-Ob 

1.62E-06 

3.34E-04 

l.41E-05 

5.4OE-05 

2.10E-06 

1.73E-08 

P A N C R E A S  

4 43E-04 

2.78E-OS 

L 85E-04 

5.0  1E -04 

1 32E-08 

I 34E-08 

2.04E-04 

3.44E-04 

7.18E-07 

1 49E-04 

8.19E-05 

1 69E-06 

2.12E-04 

7.59E-05 

0.0 

6.16E-05 

1 46E-05 

9.70E-07 

5.01E-04 

1.456-06 

3 I7E-04 

1.26E-05 

4.92E-05 

2.02E-06 

2.  LLE-08 

SKELETON 

5.78E-04 

5.23E-05 

2.68E-04 

6.55E-04 

2e92E-08 

2 9 5E-08 

3.02 E-04 

4.84E-04 

2.43E-06 

2. 14E-04 

1.14E-04 

2.77E-06 

3.27E-04 

1.35E-04 

0.0 

9.37E-05 

2.08E-05 

3.54E-06 

6.87E-04 

2. LlE-06 

4.05E-04 

1.70E-05 

7.39E-05 

3.37E-06 

5.33E-08 

w 
P 
VI 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATE0 GROUNO SURFACE 
I N  SV/YR PER' BO/(SQUARE CMI 

NUCLIDE 

GA-66 

GA-67 

GA-68 

GA-72 

GE-68 

GE-71 

G E T 7  

AS-72 

AS-73 

AS-74 

AS-76 

AS-77 

S E T 3  

SE-75 

SE-79 

BR-77 

BR-80  

BR-80M 

BR-82 

BR-83 

BR-84 

BR-85 

KR-79 

KR-81 

KR-831r 

HALF-LIFE 

9.40 H 

3.261 0 

68.0 M 

14.1 H 

288 0 

11.8 0 

11.30 H 

26.0 H 

80.30 0 

17.77 0 

26.32 H 

38.8 H 

7.15 H 

119.78 0 

6.5E4' Y 

57.04 H 

17.4 M 

4.42 H 

35.30 H 

2.39 H 

31.80 H 

172 S 

35.04 H 

2.1ES Y 

1-83 H 

SKIN 

7.92E-OI 

5.93E-05 

3.53E-04 

9.12E-04 

3.73E-06 

3.78E-06 

3.86E-04 

6.54E-04 

1 2TE - 0 5  

2.87E-04 

1.55E-0* 

3.24E-06 

4.15E-04 

1.53E-04 

0.0 

1.24E-04 

2.82E-05 

1.77E-05 

9.45E-04 

2-78E-06 

5.62E-04 

2.38E-05 

1. OlE-04 

l . lOE-05 

2.92E -06 

SPLEEN 

4.89E-04 

3.29E-05 

2 09E-04 

5 56 E-04 

5.15E-09 

5.21E-09 

2.31E-04 

3 88E-04 

9 . 9 ~ - 0 7  

1 69E-04 

9.23E-05 

1.95E-06 

2.42E-04 

8.84E-05 

0.0 

7 .OZE-05 

I .  65E-0 5 

1.33E-06 

5.63E-04 

1.65E-06 

3.49E-04 

1 A2E-05 

5 . 5 9 E 0 5  

2.29E-06 

1.22E-0 8 

STOMACH 

5 OZE-04 

3.28E-05 

2 1 ZE-04 

5.68E-04 

4 66E-09 

4.72E-09 

2 33E-04 

3 .94E-04 

1 04E-06 

1.71E-04 

9.35E-05 

1 95E-06 

2.44E-04 

8.81E-05 

0.0 

7.07E-05 

1 .67E-05 

1.47E-06 

5.72E-04 

1 67E-06 

3.58E-04 

1.44E-05 

5 A4E-05 

2.28E-06 

1.23E-08 

TESTES 

7.04E-04 

5.06E-05 

3.09E-04 

8.00E-04 

1 64E-0 7 

1 66 E-07 

3.39E-04 

5.69E-04 

2.67E-06 

2. 49E-04 

1 35E-04 

2. WE-06 

3.62E-64 

1.33E-04 

0.0 

1.04E-04 

2.42E-05 

5.34E-06 

8.21E-04 

2.43E-06 

5.00E-04 

2.06E-05 

8.30E-05 

3.89E-06 

2.37E-07 

THVMUS 

5 5 1 E-04 

3 85 E-0 5 

2.34E-04 

6.32 E-04 

4.12E-12 

4. 17E-1 2 

2 e 6 3  € 4 4  

4.6OE-04 

1 59E-06 

1; 90E-04 

1.04E-04 

2 20E-0 6, 

2.74E-04 

1.OLE-04 

0.0 

7.91 E-0 5 

1.86 E-0 5. 

2.65E-06 

6.45E-04 

1.84E-06 

3.95E-04 

1 63 E-0 5 

6.29E-05 

2.54E-06 

2 80E-09 

THYRO I O  

6.47E-04 

4.86E- 05 

2 8 6E- OI 

7.4TE-04 

1.1%-08 

l.16E-08 

3.2 OE- 04 

5.32E-01 

2.10E-06 

2.32E-04 

1 26E-W 

2.74E- 06 

3.37E- OI 

1 27E-Oi  

0.0 

9.73E-OS 

2 26E-05 

3.72E-06 

7.75E-06 

2.25E-06 

4.62E-04 

1 95E-05 

7.73E-05 

3.24E-06 

3.52E-08 

UTERUS 

Z 49E-OI 

2.91E-05 

1 87F-04 

5.12E-04 

1 63E-12 

1 65E-12 

2.0 8E-04 

3 $9E-04 

8.09E-07 

1.5lE-04 

8.32E-05 

1. 73E-06 

2.16E-04 

7.8SE-05 

0.0 

6 ZTE-05 

1.47E-05 

9 81E-07 

5.08E-04 

1 47E-06 

3.22E-04 

1.28E-05 

5.0OE-05 

2.OZE-06 

7.99E-10 

TOTAL 
BOOY 

5.67E-04 

3.98E-05 

2.46E-04 

6.47E-04 

2.25E-07 

2.28E-07 

t e l l € - 0 4  

4.56E-01 

2.21E-06 

1 99E-04 

1.08E-04 

2.29E-06 

2.88E-04 

1.05E-04 

0.0 

8.30E-05 

1.94E-05 

3.94E-06 

6.60E-04 

1.94E-06 

4.04E-04 

1.66E-OS 

6.63E-05 

3.27E-06 

2 6 1 E -07 

W 
P 
0 3  



-- 

PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 
I N  SV/YR PER BQIISQUARE CMl  

NUCLIOE 

KR-85 

KR-85M 

Ka-87 

KR-88 

KR-89 

KR-90 

Re-81 

~ e - 8 2  

R8-83 

RE-84 

RE-86 

Re-87 

RB-88 

R8-89 

RE-90 

R B-90Y 

SR-82 

SR-85 

SR-85Y 

sa-ew 

SR-89 

SR-90 

SR-W 

SR-92 

sa-93 

HALF-LIFE 

10.72 Y 

4.48 H 

76.3.M 

2.84 H 

3.16 M 

32.32 S 

4.58 H 

1.25 M 

86.2 0 

32.9 0 

18.66 0 

4 . m i o  Y 

11.8 

15.44 U 

isr s 
258 s 

25.0 0 

64.84 0 

67-66 U 

2.80s H 

50.55 0 

28.6 Y 

9.5 H 

2.71 n 

7.3 M 

AORENALS 

5 . 3 5 ~ 4 3 7  

4.00E-05 

1 . 6 8 E 4 4  

3.95E-04 

3 . 7 9 ~  -04 

2 .  ' 1 3 ~ 4 4  

1 . 4 7 ~ 4 4  

2.62E-04 

1.19E-04 

2.10E-04 

2 . 0 7 E 4 5  

0.0 

1 30E-04 

4.33EQ4 

3.96E-04 

6 . 5 7 ~ - 0 4  

i . 4 x - 0 7  

1.23E-04 

5.46E-05 

7 . 8 8 ~ 4 5  

3.15E-08 

0.0 

1.57E-04 

2.72E-04 

4.94E-04 

8LAM)ER 

5 08 E-0 7 

3 67 E-05 

1 67 E-04 

4 02 E-04 

3. TEE-04 

2.70E-04 

1 38 E-04 

2.4996-04 

1 13E-04 

2.02E-04 

2.04E-05 

0.0 

1 32E-04 

4.33E-04 

4.01E-04 

6.6 L E 0 4  

2.32E-I 0 

1.16E-04 

4.98E-05 

r . 3 5 ~ - 0 5  

3.06E-08 

0.0 

1.52E-04 

2 . 7 2 ~ - 0 4  

4.84E-04 

BRA1 N 

5.6 b E-07 

3.95E-05 

1.85E-04 

4.49E-04 

4.2lE-04 

3.02E-04 

I 53E-04 

2.78E-04 

I .  zr E-04 

2.27E-04 

2.29E-05 

0.0 

1.47 E - O ~  

4 .  85E-04 

4.39E-04 

7.35E-04 

1.81E-08 

1.30E-04 

5.35E-05 

8.10E-05 

3.44E-08 

0 .o 

i . r i ~ - o i  

3.06E04 

5.42E-04 

BREAST 

6. ~ ~ E - O T  

6 0 2E-0 5 

2.15E-04 

5.09E-04 

4 82 E-04 

3. 48E-04 

1 9fE-04 

3.29E-04 

1 e 55E-04 

2.62E-04 

2.54E-05 

0.0 

1.64E-04 

5.42E-04 

5.10E-04 

8033E-04 

5.38E-06 

1 60 E-04 

7. 8 i ~ - o s  
1.03E-04 

3.85E-08 

0.0 

1 93E-04 

3.39E-04 

6.19E-04 

1 M ABOVE CONTAMINATED GROUND 

SMAL L 
I NTE ST I N  E HE ART 

4 . 9 7 ~ - 0 7  

3.61 E-05 

1.66E-04 

4.01E-04 

3.75 E-04 

2. 6 7 E-04 

1.35E-04 

2 43E-04 

1 11E-04 

1.99 E-04 

2.01E-05 

0.0 

1.31 E-04 

4.3 OE -0 4 

3.99E-04 

6 .  5 r E-04 

2.64E-08 

1.14E-04 

4.86E-05 

7.18E-0 5 

3.02E-0 8 

0.0 

1. 50E-04 

2.69E-04 

4.  r e  E-o 4 

4 . 4 r ~ - o r  

3.18E-05 

1.53E-06 

3. ~ ~ E - O I  

3.46E-05 

2.44E-04 

1.ZlE-04 

2.19E-04 

9.99E-05 

1.8OE-04 

1.84E-05 

0.0 

1.22E-04 

3.96E-OI 

3. 76E-OQ 

6.10E-04 

2 . 7 3 ~ - 0 9  

l .02E-04 

4.34E-05 

6.45E-05 

2.74E-08 

0.0 

1.37E-06 

2 -48E-OI 

4 . 3 7 ~ - 0 4  

UPPER 
LARGE 

INTESTINE 

5.21~-07 

3.84E-05 

1 7bE-04 

4 .  ZTE-04 

3.98E-04 

2.84F-04 

1.43E-04 

2.58E-04 

1.18E-04 

2.1lE-04 

2.14E-05 

0.0  

1.39E-04 

4.57E-04 

4 24 E-04 

6.98E-04 

5.12E-10 

1 21E-04 

5.14E-05 

r . 6 0 ~ - 0 5  

3 22E-0 8 

0 . 0  

1 60E-04 

2.86E-04 

S 09E-04 

SURFACE 

LOWER 
LARGE 

INTESTINE 

4.8 7 €-or 
3.5 5 E-05 

1.63 E-04 

3.95E-04 

3.69E-04 

2.61E-04 

1.33E-06 

2.39E-04 

1.09E-04 

1 95 E-04 

1 97 E-0 5 

0.0 

1.29E-04 

4.22E-04 

3.95E-04 

6.47E-04 

7.64E-08 

1ellE-04 

4.83E-05 

7. O ~ E - O S  

2.96E-08 

0.0 

i . 4 r ~ - o 4  

2.64E-04 

4.69E-04 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS 
I N  S V I I R  PER BQ/(SQUARE 91) 

NUCLIDE 

KR-85 

KR-85M 

KR-81 

KR-88 

KR-89 

KR-90 

RB-81 

RB-82 

RB-83 

R B- 84 

RB-86 

RB-87 

RB-88 

R8-89 

RB-90 

R8-90N 

SR-82 

SR-85 

SR-85W 

SR-87M 

SR-89 

SR-90 

SR-91 

SR-92 

SR-93 

HALF-LI  FE 

10.72 Y 

4.48 H 

r6.3 w 

2.84 H 

3.16 M 

32.32 S 

4.58 H 

1.25 M 

86.2 0 

32.9 0 

18.66 b 

4 . r x i 0  Y 

11.8 M 

15.44 M 

157 S 

258 S 

25.0 0 

64.84 0 

67.66 M 

2.805 H 

50.55 0 

28.6 Y 

9.5 H 

2.71 H 

7.3 n 

KIDNEYS 

5 . m - 0 7  

3. ' 1 5 ~ 4 5  

1.77E-04 

4.30E-04 

4.01E-04 

2 . 8 3 E 4 4  

1.43E-04 

2. 58E-04 

1.18E-04 

2.11E-04 

2.14E-05 

0.0 

1.40E-04 

4.59E -04 

4.37E 6 4  

r . o 7 ~ - 0 4  

5.83E-09 

1.21E-04 

5.12E-05 

r . 6 0 ~ - 0 5  

3 -21E-08 

0.0 

1.60E-04 

2.86E-04 

5.09E-04 

L IVER 

s . o s ~ - o r  
3.66E-05 

i .6w-04 

4.04E-04 

3. re E - O ~  

2.69E-04 

1 38E-04 

2 . 4 w - 0 4  

1 . M - 0 4  

2 01 E-04 

2 03E-0 5 

0.0 

1 032E-0 4 

4 33 E-04 

4.01 E-04 

6.61E-04 

8 .  I S  E- 09 

1 16E-04 

4 96 E-05 

7.31E-05 

3.04E-08 

0.0 

1.52E-04 

2.7lE-04 

4.83E-04 

LUNGS 

5.426-07 

1. m - 0 4  

4.01E-05 

4 25E-04 

3.99E-04 

2 86E-04 

1.48E-04 

2.65E-04 

1.21E-04 

2 1 5 E-04 

2.1%-05 

0.0 

1.39E-04 

4.57E-04 

4 18E-04 

6.95E-04 

i . 3 6 ~ - 0 1  

1 Z4E-04 

5.39E-05 

r . 8 8 ~ - 0 5  

3.24E-08 

0.0 

1 62E-04 

2.87E-04 

5.13E-04 

FOR EXPOSWE 1 M ABOVE CONTAMINATE0 GROUNO SURFACE 

MARROW 

6 24E-07 

5.75E-05 

1.91E-04 

4 44  E-04 

4.26E-04 

3.13E-OI 

1 79 E-04 

3.04E-04 

1.39E-04 

2 036E-04 

2.29E-05 

0.0 

1.44E-04 

4 80E-04 

4.35E-04 

7.28E-04 

1 . 3 4 ~ 0 1  

1 43 E O 4  

r .  3 x - 0 5  

9.5 LE-0 5 

3 49 E-08 

0.0 

i . r s ~ - o +  

3.02E-04 

5. 5?E-04 

R E O  
MARROY 

5.55E-07 

3 84 E-0 5 

1 8 1 E-04 

4.31E-04 

4. or E -0 4 

2.88E-04 

1 5 1 E-04 

2 71 E-04 

1.24E-04 

2.18E-04 

2.18E-05 

0.0 

1.41 E-04 

4.64E-04 

4.36E-04 

7.12E-04 

4.56 E-08 

1.21 E-04 

5.44E-05 

8.13E-0 5 

3.29 E-0 8 

0.0 

1 64 E-04 

2.90E-04 

5 2 1 E-0 4 

OVARI  ES 

4.85E-07 

3 22E-05 

1 53E-04 

3 . 6 1 ~ - 0 4  

3. 50E-04 

2.53E-OI 

1 30E-04 

2.38E-04 

1.09E-04 

1.94E-04 

1.95E-05 

0.0 

1.22E-04 

4.06E-06 

3.61E-04 

6.09E-06 

7 . 2 6 ~ - 0 8  

1 . l lE-04  

4.40E-05 

6.866-05 

2.95E-08 

0.0 

1.47E-04 

2.57 E-04 

4.58E-04 

PANCREAS 

4.35E-07 

3.09E-05 

1 e46E-04 

3.52E-04 

3.29E-04 

2 33 E-0 Q 

l.18E-04 

2.13E-04 

9 . m - 0 5  

L. r 3 ~ - 0 4  

I .  75E-05 

0.0 

1 15E-04 

3.16E-04 

3 . 5 ~ 0 4  

5.79E-04 

8 64E-08 

9.95E-05 

4.26E-05 

6 32E-0 5 

2.63E-08 

0.0 

1.31E-04 

2.35E-04 

4.18E-04 

SKELETON 

6.34E-07 

5.896-05 

1.94 E-04 

4.52E-04 

4.33E-04 

3.18E-04 

1.82E-04 

3.09E-04 

1.4lE-04 

2.40E-04 

2.33E-05 

0.0 

i.+rE-o4 

4.88E-04 

4.41E-04 

7.4OE-04 

2.22E-07 

1.4SE-04 

7.48E-05 

9 . 6 r ~ - o 5  

3.55E-08 

0.0 

1 78E-04 

3.07E-04 

5.66E-04 

W 
P 
(x, 



.PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATE0 GROUND SURFACE 
I N  SVfYR QER BQI(SQUARE Cnt 

NUCLIDE 

KR-85 

KR-85W 

KR-87 

KR-88 

KR-89 

KR-90 

RB-81 

RB-82 

RB-83 

RB-84 

Re-86 

R0-87 

RO-88 

RB-89 

R 9-90 

R B - 9 0 H  

SR-82 

SR-85 

SR-85W 

SR-87Y 

SR-89 

SR-90 

OR-91 

SR-92 

SR-93 

HALF-LIFE 

10.72 Y 

1-48 H 

76.3 Y 

2.84 H 

3.16 H 

32.32 S 

4.58 H 

1.25 H 

86.2 0 

32.9 0 

18.66 0 

4.73E10 V 

17.8 H 

15.44 H 

157 S 

258 S 

25.0 0 

64.84 0 

67.66 H 

2.805 H 

50.55 0 

28.6 Y 

9.5 H 

2.71 H 

7.3 n 

S K I N  

8.32E-0 7 

6.09E-05 

2.62E-04 

6.25E-04 

5.93E-04 

4.32E-04 

2.35E-04 

4.08E-04 

1.95E-04 

3.35E -0 4 

3.2BE-05 

0.0 

2.ObE-04 

6.84E-04 

6.05E-04 

1.03E-0 3 

9.53E-06 

2.OOE-04 

8.28E-05 

1.22E-04 

4.96E-0 8 

0.0 

2.47E-04 

4.32E-04 

7 0 7 x 4 4  

SPLEEN 

4.93E-07 

3 65 E-05 

1 61E-04 

3.88 E-04 

3.65E-04 

2.61E-04 

1.35E-04 

2.41E-04 

1.1OE-04 

1.95E-04 

I 96E-05 

0.0 

1.ZIE-04 

4.17E-04 

3 88E-04 

6.38E-04 

5. 15E-08 

1.13E-04 

4 . 9 4 5 0 5  

7.19E-05 

2 9%-08 

0.0 

I.47E04 

2 6 2 E 0 4  

4.68E-04 

STOMACH 

4.98E-07 

3 62E-05 

1 65E-04 

3.96 E-04 

3 72 E O 4  

2 64E-04 

1 36E-04 

2 44 E-04 

l . l lE-04  

1.986-04 

1 99E-05 

0.0 

1 29E-Ob 

4 25E-04 

4.0  ZE-04 

6.54E-04 

5.26E-08 

1 14E-04 

4 90E-05 

7.22E-05 

3.01E-08 

0.0 

1 o 5 O E - M  

2.65E-Ob 

4.7%-04 

TESTES 

7.28E-07 

5.53E-05 

2.32E-04 

5.53E-04 

5.25E-04 

3.78E-04 

2.01E-04 

3.56E-04 

1 63 E-04 

2.86E-04 

2.84E-05 

0.0 

1.81E-04 

5.99E-04 

5.53E-04 

9.13 E-04 

9.67E-0 7 

1 67E-OI 

7 39E-0 5 

1.06E-04 

4.29E-08 

0.0 

2. LSE-04 

3 76E-04 

6.78E-04 

THYMUS 

5.51 E-0 7 

4.23 E-0 5 

1 8 1 E-04 

4.3 b E -04 

4.13E-04 

2.98 E-04 

1 e 52 E-04 

2.71E-04 

1 2 3 E -0 4 

2.24E-04 

2 28E-0 5 

0.0 

1.43E-04 

4.76E-04 

4.37E-04 

7.23E-04 

l o l l € - 0 9  

I 2 6 E-04 

5.61 E-0 5 

8.00E-05 

3.42E-08 

0.0 

1.7OE-04 

3 01 E-04 

5.33E-04 

THYRO IO 

6 74E-07 

5.37E-05 

2 14E-OS 

5.1lE-04 

4.87E-04 

3.56E-06 

1. 87E-04 

3.30E-05 

1 5 L E - 0 6  

2.69E-04 

2. TlE-05 

0.0 

1 69E-0, 

5.62E-04 

5.01 E- 04 

8. W E - 0 4  

1.58E-07 

1 54E- 04 

7.07E-05 

9.88E-05 

4.09E-08 

0.0 

2 03E-06 

3.5bE-00 

6.37E-06 

UTERUS 

b.41E-07 

3.23E-05 

1.49E-04 

3 63E-04 

3 36E-04 

2.38E-04 

1.21E-04 

2.16E-04 

9.85E-05 

1.75E-04 

1 . 78E-05 

0.0 

1 18E-04 

3.84E-04 

3 SSE-04 

5.86E-04 

4. 8OE-11 

1.OlE-04 

4.39E-05 

6.43E-05 

2.6 SE -08 

0.0 

1 32E-04 

2 4 1E-04 

4 2bE-04 

TOTAL 
BOOV 

5.80E-07 

4.35E-05 

1.87E-04 

4* 49E-04 

4.23E-04 

3.04E-04 

I. 60E-04 

2.84E-04 

1.30E-04 

2.29E-04 

2 29E-0 5 

0.0 

1.47E-04 

4.85E-04 

4.43E-04 

7.37E-04 

9.90E-07 

1.34E-04 

5.83E-05 

8.46E-05 

3.45E-08 

0.0 

I 12E-04 

3.04E-04 

5.466-04 



- .  

PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATED GRDUNO 
I N  SV/YR PER BQ/(SQUARE CMI 

NUCLIDE 

Y-86 

v-87 

Y-88 

Y-90 

V-90M 

V - 9 1  

V-91M 

Y -92 

'1-93 

2R-86 

ZR-88 

29-89 

za-93 

LR-95 

m - 9 ~  

NB-90 

Ne-91 

N6-91M 

NE-92 

N0-92M 

NE-93M 

N8-94 

N0-94M 

N8-95 

N&95M 

HALF-LIFE 

14.74 H 

80.3 H 

106.60 0 

64.1 H 

3.19 H 

58.51 0 

49.11 M 

3.54 H 

10.1 H 

16.5 H 

83.4 0 

78.43  H 

1.53E6 Y 

64.02 0 

16.90 H 

14.60 H 

lE4 Y 

61 0 

3.6E7 Y 

10.15 0 

14.6 Y 

2.03E4 V 

6.26 M 

35.06 0 

86.6 H 

AORENALS 

i .  8 8 ~ 4 3 4  

1.10E-04 

5.62E 4 4  

0.0 

1.55E -04 

r . 5 9 E - 0 1  

1.2 ~ - 0 4  

5.59E-05 

1 95E-05 

6.67E-05 

9 . 4 4 € ' 0 5  

2.68E-04 

0.0 

i.r4~-0+ 

4.00E-05 

8.67E-04 

6.57E-07 

9.24E-06 

3.49E-04 

2.20E-04 

5.06E-08 

3 . 1 0 ~ - 0 4  

1.16E-06 

1 81E-04 

1.52E-05 

BLAOOER 

7. rs  E-04 

1 04E-04 

5.66E-04 

0.0 

1 45 E-04 

7 . 5 2 ~ - 0  r 
1 2 1  E-04 

s . 4 n - 0 5  

1 91 E-05 

6 29 E-0 5 

8. BO€-05 

2 5 9  E-04 

0.0 

1.67E-04 

3 90 E- 05 

8. ri E-04 

L B B E - O T  

8.93E-06 

3.36 E-04 

2.14E04 

2. r9~-09 

3 . 5 ~ 0 4  

9.47E-07 

1.74E-04 

l.37E-05 

BRAIN 

8.69E-04 

1; 16E-04 

6 3 5E-04 

0.0 

1.60E-04 

8.48E-07 

1 .ME-04 

6 1 5E-05 

2.13E-05 

6 .  m - 0 5  

9. roE-05 

2.91E-04 

0.0 

1 886-04 

4 . m - 0 5  

9 . r x - 0 4  

4.69 €-or 
1.01 E-05 

3 78E-04 

2 4 1 E - 0 4  

9 - 1 4  E-09 

4 01 e 0 4  

1 WE-06 

1 96E-04 

1.48E-05 

BRE AS1 

9. ME-04 

1.45E-04 

p i .  m - 0 4  

0.0 

2. 06E-04 

9. m - 0 7  

1 59E-04 

6.89E-05 

2. SO€-05 

1.08E-04 

1.28E-04 

3 34E-04 

0.0 

2.13604 

5.01 E-05 

1.11E-03 

7.06E-06 

1 64E-05 

4.36 E 0 4  

2. r5E-w 

1.15E-06 

4.53E-04 

5 55 E-06 

2.21E-04 

2.52E-05 

HE ART 

7.66E-04 

1.02E-04 

5.63E -0 4 

0.0 

1 42 E-04 

7.44E-07 

1.18E-04 

5.40E-05 

1. 89E-0 5 

6.1 1 E-0 5 

8.59E-05 

2 5 5  E-04 

0.0 

1 6 5 E-0 4 

3.85E-05 

8.6r~-o4 

4.33 €-or 
8 8 8 E -0 6 

3 e 3 1E-04 

2.11E-04 

1.2 8 E-08 

3. S2E-04 

9. 7OE-07 

1 7 1 E-04 

1.34E-05 

SMALL 
INTEST I N E  

r . o o ~ - o +  

9. IS€-05 

5.19E-65 

0.0 

I. 2 r E- 04 

6 . 8 + ~ - o r  

i.orE-o+ 
4.93E-05 

1 .'74E-05 

5.48E-05 

7.7 1E-05 

2.31E-04 

0.0 

1 49E-05 

3. 51E-05 

8 . O O E - 0 4  

3. 5 I E- or 

3.OOE-'04 

8.12E-06 

1m92E-04 

4.irE-09 

3.16E-04 

8. s x - 0 1  

1.55E-05 

1.2OE- 05 

UPPER 
LARGE 

INTESTIYE 

8.14E-04 

1.08E-04 

5.99E-OI 

0.0 

1 SO€-04 

7 . 9 2 ~ - o r  

1.26E-04 

5.75E-05 

2.01E-05 

6.49E-05 

9.09E-05 

2. IZE-04 

0.0 

1.75 E-04 

4.09E-05 

9.21E-04 

4.04E-07 

9 4 1 E-06 

3.52E-04 

2 2SE-04 

3.66E-09 

3. ~ Q E - O ~  

9 . 9 6 ~ - o r  

I. 82E-04 

1 e41E-05 

SURFACE 

LOWER 
LARGE 

INTESTINE 

r . 5 1 ~ - 0 4  

9.99E-05 

5.52E-04 

0.0 

1.40E-04 

r .  2 9 ~ - 0 7  

1.16E-04 

5.29E-05 

1 86 E-05 

6.10E-05 

8.48 E -0 5 

2. SO€-04 

0.0 

1 6 1 E-04 

3. raE-05 

8. SI€-04 

5.2OE-0 7 

8. I O E - O ~  

3.24E-04 

2.07E-04 

3. i n - 0 8  

3. 44E-04 

1.02E-06 

1.68E-04 

1.34E-05 

W 



. .  . . .  

PHOTON DOSE-RATE CONVERSION FACTORS FCR VARIOUS ORGAYS FOR EXPOSURE 1 M ABOVE CONTAMINATE0 GROUNO SURFACE 
I N  S V l Y R  PER BOlISQUARE mt 

NUCLIDE 

Y-86 

y-87 

Y-88 

Y-90 

Y-90M 

Y-91 

Y-91M 

Y-92 

Y-93 

L R - 8 6  

Zn-88 

ZQ-89 

ZR-93 

ZR-95 

zn-9r 

NB-90 

Ne-91 

N8-914 

N8-92 

N8-92M 

N6-93Y 

N8-94 

N8-94M 

N8-95 

N8-95Y 

HALF-LIFE 

14.74 n 
80.3 H 

106.60 0 

64.1 n 
3.19 H 

58.51 0 

49-11 M 

3.54 ti 

10.1 n 
16.5 H 

83.4 0 

18.43 n 
1.53E6 Y 

64.02 0 

16.90 H 

14.60 H 

l E 4  Y 

61 0 

3.6E7 Y 

10.15 0 

14.6 Y 

2.03E4 Y 

6.26 M 

35.06 0 

86.6 H 

KIDNEYS 

8.14E-04 

I. 08E-04 

5.99E-04 

0.0 

1.50E -04 

7 . 9 1 ~ - 0 r  

1 26E-04 

5.T4E-05 

2.OlE-05 

6.53E -0 5 

9. lOE-O 5 

2. TlE-04 

0.0 

i . r 5 ~ - 0 4  

4.09E-05 

9.26E-04 

4.46E-07 

9- 44E -06 

3.51E-04. 

2.24E-04 

1i57E-08 

3.73EA34 

1.04E-06 

1.82E-04 

1.42E-05 

L I VER 

7.73E-04 

1.04E-04 

5 6 IE-04 

0.0 

1.45E-04 

7. ~ O E - O ~  

1.20E-04 

5 4 5E-0 5 

I 9 1 E-05 

6.25E-05 

8.75E-05 

2.58E-04 

0.0 

1.66E-04 

3.89 E-05 

8 . m - 0 4  

4.1bE-07 

8 93 E-0 6 

3 34E-04 

2. L3E-04 

9 .  t r ~ - o 9  

3.55E-04 

9.65 E-o r 
1 73 E-04 

L.~~E-OS 

LUNGS 

8.21E-04 

1. i i ~ - o 4  

5 WE-04 

0 .o 

1.56E-04 

T.~~E-OT 

1 Z9E-04 

5.79E-05 

2.03E-05 

6 e82E-05 

9.45E-05 

2 .  T5E-04 

0.0 

1.78E-04 

4.14E-05 

9.2 3 E-04 

6 .  m - o r  

3.  S’IE-OC 

2.2i i -04 

9.6 7E-06 

5 -4 1E-06 

3 79E-04 

1 20E-06 

1 85 E-04 

1.5OE-05 

MARROU 

8.84E-04 

1.29E-04 

6 26 E-04 

0.0 

1.92E-04 

8.38 E-07 

1.4TE-04 

6.22E-05 

2.24E-05 

8.90E-05 

1. L I E - 0 4  

3.00E-04 

0.0 

1.95E-04 

4.53E-05 

9. 82E-04 

r .  ~ ~ E - O I  

1.03 E-0 5 

3.92E-04 

2.43E-04 

6.  t2E-08 

4.13E-04 

1.33E-06 

2.02E-04 

2.01 E-0 5 

R E O  
MARROW 

8.33E-04 

1.14E-04 

6.05E-04 

0.0 

1 59E-04 

8.0 2 E-0 t 

1 32 E-0 4 

5.87 E-o 5 

2.06E-05 

6.89E-05 

9.73E-05 

~ . T O E - O +  

0.0 

1.81E-04 

4.2 1 E -0 5 

9.35 E-04 

S . O ~ E - O ~  

9.57E-06 

3.63E-04 

2.29E-04 

1.83E-OB 

3 -8 5 E-04 

1. or E-06 

1.88E+4 

1.51E-05 

OVAR 1 E$ 

7.34E-04 

9.93E-05 

5.29E-04 

0;  0 

1.35E-04 

r .  irE-or 
1 16E-04 

5.23E-OS 

1.78E-05 

5.6tE-05 

8.23E-05 

2-49E-04 

0 .0  

1.62E-04 

3. ~ O E - O ~  

8.05E-04 

5. LIE-07 

6.63E-06 

3.24E-W 

2.06E-04 

3.20E-08 

3.45E-04 

1 OZE-06 

1 68E-04 

1 23 E-05 

PANCREAS 

6.69E-34 

8.93E-05 

4.92E-04 

0.0 

1.24E-04 

6 . 4 9 ~ - 0 r  

1.03E-04 

4. ~ I E - O ~  

1.66E-OS 

5.40E-05 

r .  5 7 ~ - 0 5  

2.22E-04 

0.0 

1.43E-04 

3.36E-05 

r .  SBE-04 

4. ~ ~ E - O T  

7 .  82E-Ob 

2.89E-04 

1. 84E-04 

3. L O € - 0 8  

3.06E-04 

9.19E-07 

1.49E-04 

1.18E-OS 

SKELETON 

B.99E-04 

1 3 2 E-04 

6.3 6 E-04 

0.0 

1.96E-04 

~ . S Z E - O ~  

1.49E-04 

6.33E-05 

2.28E-05 

9.10E-05 

1.16E-04 

3.05E-04 

0.0 

1.96E-04 

4.61E-05 

9.99E-04 

9. I ~ E - O ~  

1 06E-05 

3.99E-04 

2. ~ T E - O ~  

8.89E-08 

4.20E-04 

1.43E-06 

2.OSE-04 

2.05E-05 



PHlJTON WStkUATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATE0 GROUNO SURFACE 
I N  S V l Y R  PES B Q l ( S 0 W R E  011 

NWLIOE 

Y -86 

v-81 

Y-88 

Y-90 

Y-90W 

Y-91 

Y-9lM 

Y-92 

Y-93 

ZR-86 

za-88 

ZR-89 

Z R - 9 3  

tR-95 

ZR-97 

NE-90 

NO-91 

NB-91Y 

NB-92 

NE-92M 

NB-93M 

NE-94 

NB-94W 

N8-95 

N8-95M 

HALF-LI FE 

14.74 n 

80.3 H 

106.60 Q 

64.1 n 

3.19 n 

58.51 0 

4 9 . n  w 

3.54 n 

10.1 H 

16.5 H 

83.4 0 

78.43 n 

1.53E6 Y 

64-02 Q 

16.90 H 

14.60 H 

1E4 Y 

61 0 

3.6E7 Y 

10.15 0 

14.6 Y 

2.03E4 Y 

6.26 M 

35.06 0 

86.6 H 

S K I N  

1.25E-03 

1.81 € 4 4  

9. OZE -0 4 

0.0 

2.39E-04 

1 . 2 0 E 4 6  

1.98E-04 

8.81E-05 

3.05E-05 

1.24E-04 

1.55E-04 

4.29E-04 

0.0 

2.73E-04 

6.28E-05 

i . 3 r ~ - 0 3  

l . l l E - 0 5  

2.24E-05 

5.57E-04 

3 . 5 ~ 0 4  

1.78E-06 

5.81E-04 

8.31E-06 

2 84E -04 

2 . 8 8 E 4 5  

SPLEEN 

7 .  +BE-04 

1 Ol E-04 

5.45EO4 

0.0 

1.42E-04 

7.25E-07 

i.ir~-o4 

5.27E-05 

1.85E-05 

6.2OE-0 5 

8.6lE-05 

2.5OE-04 

0.0 

1.62E-04 

3 . 7 1 ~ 0 5  

8.4 lE-04 

4.85E-07 

8. TOE-06 

3.25E-04 

2.06E-04 

2.44E-08 

3.446-04 

9 . 9 3 ~ - o r  

1 68E-04 

1 36E-05 

STOMACH 

7.60E-04 

1.02E-04 

5.55E-04 

0 .0  

le43E-04 

7.34E-07 

1 19E-04 

5.36E-05 

I .  88E-05 

6.19E-05 

8.6 SE-05 

2.55E-04 

0.0 

1.65E-04 

3 82E-05 

8.57E-04 

4 98E-0 7 

8.83E-06 

3 .30E-04 

2 1 OE-04 

2.66E-08 

3 5 LE-04 

1.02E-06 

1 71E-04 

1.36E-05 

TESTES 

1 08 E-03 

1.51E-04 

7.82E-04 

0.0 

2 . l lE -04  

1.05E-06 

1-73 E-04 

7.65E-05 

2.68E-05 

9.58E-05 

1.28E-04 

3.66E-04 

0.0 

2 36E-04 

5.48E-05 

1.21E-03 

2.20E-06 

1.39E-05 

4.76E-04 

3.0 1E-04 

3.22E-07 

5. 03 E-04 

2. %E-06 

2 45 E-04 

2.14E-05 

TnYnus 

8.S3E-04 

1 13E-04 

6.19E-04 

0.0 

1.60E-04 

8.38E-0 7 

1 3 2 E -0 4 

6.08E-05 

2.1OE-05 

7.0 2 E -0 5 

9.57E-05 

2.88E-04 

0-0 

I. 86E-04 

4.30E-05 

9.49 E-0 4 

4.30E-07 

9.97E-06 

3-13 E-04 

2.39E-04 

5.04 E-0 9 

3 9 7 E -0 4 

1.07E-06 

1.93E-04 

1. S4E-0 5 

THYRO IO 

1.02E-03 

1 39E- 01 

7.31E-04 

0.0 

1 98E-04 

9.  % E 0 7  

1.61E-01 

7.2SE-05 

2.52E-05. 

8.86E-05 

1 .18E-01  

3.46E-04 

0.0 

2 24E-04 

5.16E-05 

1.12E-03 

9.02 E- or 
1.2 2E- 05 

4.49E-01 

2.86E-01 

8.64E-08 

4.77E-05 

1 e 58E-06 

2.33E-04 

1 96E-05 

uimus 

6.82E-OQ 

9 Ob E-0 5 

5.06E-04 

0.0 

1.2IE-04 

6 . m - 0 1  

1.05€ -04 

4.78E-05 

1. TOE-05 

5. 50E-05 

7 69E-0 5 

2 2%-04 

0.0 

1 45E-04 

3 43E-05 

r . ~OE-OI  

3 . 3 2 ~ - o r  

7.84E-06 

2.91E-04 

1.8%-04 

2.52E-10 

3 08E-04 

8.09E-07 

1 50E-04 

1.ZlE-05 

T O T A L  
BOOY 

e. r 3 ~ - 0 4  

1.20E-04 

6.34E-04 

0.0 

1.68E-04 

8.44E- 0 7 

1.38E-04 

6.16E-05 

2.16E-05 

7.60E-05 

1.02E-04 

2.94E-04 

0.0 

1.90E-04 

Q.41E-05 

9.  BE-04 

1.89E-06 

I. I t € - 0 5  

3.82E-04 

2.42E-04 

2.69E-07 

4.04E-04 

2.08E-06 

1.97E-04 

1.69E-05 

W 
vl 
N 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS-FOR EXPOSURE 1 M ABOVE CONTAMINATE0 GROUND SURFACE ' 

I N  S V l Y R  PER BQ/(SQUARE CM8 

YUCL I DE 

N8-96 

NB-97 

N8-97M 

MO-91 

MQ-93 

MO-99 

Yo-101 

tc-95 

TC-951 

TC-96 

T C-96 M 

TC-97 

TC-97W 

TC-98 

TC-99 

TC-99M 

TC-101 

QU-97 

RG103 

RU-105 

RU-106 

RH-1031 

RH-105 

RH-LO51 

RH-106 

HALF-LIFE 

23.35 H 

72.1 n 

60 S 

15.49 M 

3.5E3 Y 

66.02 H 

14.61 Y 

20.0 H 

6 1  D 

4.28 0 

51.5 W 

2.6E6 Y 

89 D 

4.2E6 Y 

2.13ES Y 

6.02 H 

14.2 Y 

2.9 0 

39.35 0 

4.44 H 

368.2 0 

56.119 W 

35.36 H 

45 s 
29.92 5 

ADRENAL S 

5.68E-04 

1.58E-04 

1 73E -04 

2 34E-04 

2.83E-07 

3.69E -05 

3.26E-04 

1.85E-04 

1.59E-04 

5.83E -04 

9.53E-06 

3 . 6 O E - 0  7 

3. TZE-OT 

3 . 3 Z E 4 4  

1.2 1E -1 0 

3.18E-05 

80 5ZE-05 

5.78E-05 

1.16E-04 

1.87E-64 

0.0 

7.52E-08 

1.94E-0 5 

1.03E-06 

4.88E-05 

BLAODER 

5.5OE-04 

1 52E-04 

1.66 E-04 

2 22 E-04 

1.57E-08 

3.53E-05 

3 21E-04 

1. 78E-04 

1.51E-04 

5 63E-04 

9.11E-06 

3.83E-08 

1.31E-07 

3 . W - 0 4  

I .  21 E-1 0 

2 93E-05 

7 90E-0 5 

5.26E-05 

1 10i-04 

1 79E-04 

0.0 

3.53E-08 

1.79E-05 

6 033E-0 6 

4.67E-05 

BRAIN 

6.1TE-04 

1 70E-04 

1.86E-04 

2 48E-04 

5.44E-OB 

3 93E-05 

3.59E-04 

2.00E-04 

1 68E-04 

6 .33E-04 

1.02E-05 

7 30E-08 

1 47E-07 

3.5 7E-04 

1.25E-LO 

3 14E-05 

8.64E-05 

5.66E-05 

1 U E - 0 4  

2.00E-04 

0 .o 

2.34E-08 

1 96 E-05 

6 TOE-Ob 

5 2ZE-05 

BREAST 

7-01 E- 04 

1.95E-04 

2.12E-04 

LOSE-04 

6.42E-06 

4.69E-0 5 

4.lOE-04 

2.33E-04 

2. ~ ~ - 0 4  

7. ZOE-04 

1.526-05' 

6.7SE-06 

5 36E-06 

4.08E-04 

2.3lE-IO 

5.llE-05 

1 13 E-04 

8.80E-05 

1.47E-04 

2. ME-04 

0.0 

1.04E-06 

2.59E-05 

1.63E-05 

, .  

6.09E-05 

HEART 

5.4LE-04 

1049E-04 

1.63E-04 

2.17E-04 

7.18 E-08 

3.47E-05 

3.17E-04 

1.76 E-04 

1.48 E-04 

5.56 E-04 

9.01E-06 

9.37E-08 

1.5 8E-0 7 

3.13E-04 

1 14E-1 0 

2.89E-05 

7.7ZE-0 5 

5.13E-05 

1.08E-04 

1 76 E-04 

0.0 

2.72 E-0 8 

1.75E-0 5 

6.21E-06 

4 5 8 E -0 5 

SMALL 
INTEST INE 

0.9lE-04 

1.34E-05 

1.48E-04 

1.95E-04 

2.34E-08 

3.12E-05 

2.90E-05 

1.59E-04 

1 34E-04 

5.03E-04 

8.17E-06 

3.93E-08 

1.06E- 07 

2.82E-04 

9.93E-11 

2.51E-05 

6.93 E- 05 

4.59E-05 

9.68E-05 

1.58E-04 

0.0 

2.00E-08 

I .  57E-05 

5.36E-06 

4.13E-05 

UPPER 
LARGE 

I NTEST I NE 

5.76E-04 

1 58E-04 

1 74E-04 

2.30E-04 

2.05E-08 

3.69E-05 

3.37E-04 

1 8TE-04 

1 58E-04 

5.91E-04 

9.59E-06 

4.68E-08 

1 6 ?E-07 

3.33E-04 

1.23E-10. 

3.09E-05 

8.17F-05 

5.43E-05 

1 14E-04 

L.87E-04 

0.0 

5. SO€-08 

1.85E-OS 

6.79E-06 

4.8 ?E-05 

LOWER 
LARGE 

INTESTINE 

5.30E-04 

1 4b€-04 

1.60 E-04 

2.13E-04 

l.78E-07 

3.40E-05 

3.11E-04 

1. TZE-04 

1.46E-04 

5. 44E-04 

8.90E-06 

2.21E-07 

2.66 E-07 

3.06E-04 

1.09E-10 

2.83E-05 

7.63E-05 

5.12E-05 

1 06E-04 

1. 72E-04 

0.0 

5.34E-08 

1. 73E-05 

6.19E-06 

4.49E-05 

w 
VI 
w 



WOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTACTNATEO G R O W 0  SURFACE 
IN SWIYR .PER , B W f S Q U A R E  011 

N U C L I D E  

W8-96 

W8-97 

W0-97M 

NO-91 

M 0 - 9 3  

110-99 

No-10 1 

IC-95 

TC-95M 

TC-96 

TC-96Y 

TC-97 

'TC-97M 

PC-98 

TC-99 

TC-99Y 

TC-.IO 1 

RU-97 

.RU-103 

RU-105  

RU-106 

RH-LO 34 

RH-LO5 

RH-LOSM 

RH-106 

H A L F - L l  FE 

23.35 H 

72.1 M 

60 S 

15.49 M 

3 . 5 0  Y 

66.02 H 

14.61 M 

20.0 H 

6 1  '0 

4.28 ,O 

51.5 rl 

2.6E6 Y 

09 0 

4.2E6 Y 

2.13ES Y 

6.02 H 

14.2 M 

2.9 0 

39.35 0 

4.44 .H 

368.2 0 

56.119 M 

35 36 .H 

45 s 

29.92 S 

UIDNWS 

5.75E-04 

1.58E-04 

1.73E-04 

2.30E-04 

8.83E-08 

3 -67E-0 5 

3.37E-04 

1.86E-04 

.I ..ST€ -04 

5.90E -04 

9 0 6 5 E 4 6  

1 66 €4 X 

2.83E-07 

3.32E-04 

L.23E-10 

2.98E-05 

8.16E-05 

5.44E-05 

l .14E-04 

1 w8 6E -0 4 

0.0 

.9.04E -08  

1.85E-05 

6.7lE -06 

4.86E - 0 5  

LIWEP 

5.47E-04 

1.5 1E-04 

1 m65E-04 

2.2lE-04 

5.20E-08 

3. SO€-05 

3.20E-04 

1.77E-04 

1 SO€-04 

5.60E-04 

9. O B € - 0 6  

8.03E-08 

1 60E-0 7 

3.16E-04 

1.20E- 10 

2.93E-05 

7.86E-0 5 

5 24E-0 5 

I .  I OE-04 

I .  78E-04 

0 .0  

3.3TE-08 

1 79 E 0 5  

6 32E-06 

4 64E-0 5 

LUNGS 

5 83E-01 

1.61E-04 

1 76E-04 

2 37E-04 

3.03E-07 

3.76E-05 

3 40E-04 

1 89E-04 

1 6 lE-04 

5.98E-04 

9.85E-06 

3 .  73E-07 

4.14E-07 

3 30E-04 

1.33E-LO 

3 23 E-05 

8.49E-05 

5 73 E-05 

1 18E-04 

1.90E-04 

0.0 

8 84E-08 

1.93E-05 

7.256-06 

4.97E-05 

MARROW 

6 38 E-04 

1.79E-04 

1.93E-04 

2.72E-04 

3.76E-07 

4.29E-05 

3 69 E-04 

2.07E-04 

1.87E-04 

6. WE-04 

1.07E-05 

4-05 E-0 7 

5 86 E-07 

3.73E-04 

2 26E- 10 

4 92E-0 S 

1.06E-04 

7.67E-05 

1.36E-04 

2.15E-04 

0.0 

1 . 2 8 6 0 7  

2.42E-05 

1.12E-05 

5.60E-05 

R EO 
PUIRROM 

5.93E-04 

1 6 4  E-0 4 

1 7 9  E-04 

2 42 E-04 

1.02E-07 

3.79E-05 

3.44E-04 

1 92 E-04 

1 63 € 4 4  

6.07E-04 

9.83E-06 

1 26 E-0 7 

l .7SE-07 

3.44 E-04 

9.78E-11 

2 9 4  E-0 5 

8.73 E-0 5 

5.76E-05 

1 20 E-04 

1.94E-04 

0.0 

3 OS€-08 

1.99E-0 5 

6.19 E-06 

5.07E-0 5 

OVARI  ES 

5.28E-04 

1.46E-04 

1.60E-OI 

2.12E-04 

1.79E- 07 

3.36E-05 

3.02E-06 

1.72E-04 

1.43E-04 

5.44E- 04 

8.86E-06 

2.26E-07 

2 e 69E-07 

3.07E-04 

1.01 E- LO 

2.53E-05 

7.26E-05 

4.69E-05 

1.05E-04 

1.7lE-04 

0.0 

5 76E-08 

1 64E-05 

S .61 E-06 

4.47E-05 

P ANCR €AS 

4.7ZE-04 

1 30E-OI 

1.42E-01 

1 90E-04 

1. TU-0  7 

3 0 LE-05 

2 7TE-04 

1 S3E-04 

1 29E-04 

4.83E-04 

7.92E-06 

2.08E-07 

2 37E-07 

2.72E-04 

8.92E-1 1 

2 43E-05 

6.79E-05 

4.52E-05 

9.43E-05 

1.53E-04 

0.0 

4.62E-08 

1 54E-05 

5 28E-06 

4 OOE-0 5 

SKELETON 

6.49E-04 

l.02E-04 

1.9.7E-04 

2.77E-04 

4.98E-07 

4.37E-05 

3.75E-04 

2.10E-04 

1.90E-04 

6.61E-04 

1 09E-.0 5 

6.15E-07 

6.90E-07 

3.80E-04 

.2.33E-10 

5 06E-0 5 

1.08E-04 

7.85E-05 

1.38E-04 

2.19E-04 

0.0 

1.48E-07 

2 . 4 7 ~ - 0 5  

1.16E-05 

5.69E-05 

W 
Ln 
P 



PHOTON DOSE-RAT.€ CONVERSION FACTORS FOR VARIOUS ORGANS 
I N  SV/YR PER BQ/(SQUARE C M l  

NUCLIDE 

NB-96 

.N0-97 

NE-97M 

HO-91 

MO-93 

M0-99 

M(I-101 

TC-95 

TC-95H 

.TC-96 

TC-96M 

TC-97 

T-C-97M 

TC-98 

TC-99 

TC-99M 

TC-10 1 

RU-97 

RU-103 

' RU-10 5 

RU-106 

RH-103M 

.RH- L o 5 

RH-105M 

RH-106 

HALF-LIFE 

23.35 H 

72.1 M 

60 S 

.15.49 M 

3.5E3 Y 

66.02 H 

14.61 M 

20.0 H 

61 0 

4.28 0 

51.5 M 

2.6E6 Y 

-89 0 

4.2E6 'Y 

2.13E5 Y 

6.02 H 

14.2 .M 

2.9 0 

39.35 0 

6.44 H 

368.2 0 

56.119 M 

35.36 H 

45 s 
29.92 S 

SKIN 

8.92E-04 

2.48E-04 

2.71E-04 

'3.64E -0 4 

9 9 7 E - 0  6 

5 80E-05 

5.14E-04 

'3.00E-04 

2.56E-04 

'9.26E-04 

2.01E-05 

1.02E-05 

7.74E-06 

5. 1 9 E - 0 4  

2.09E-10 

4.92E-05 

1.29E-04 

9.66E-05 

1.81E-04 

2.92E-04 

0.0 

1.44E-06 

2.93E-05 

1.78E-05 

7.6 2E -0 5 

SPL'EEN 

5.3LE-04 

1 46E-04 

1 60E-04 

2.16E-04 

1.37E-07 

3 41E-0 5 

3 LO€-04 

1 726-04 

l.47E-04 

5.43E-04 

'8.86E-06 

1. TSE-07 

2 33E-07 

3.07E-04 

1.16E-10 

2.92E-0 5 

7.76 E-05 

5.22E-05 

1.07E-04 

1.73E-04 

0.0 

4.65E-08 

1 77 E-05 

6.37E-06 

6.52E-05 

STOMACH 

5.39E-04 

1 49E-04 

1.63E-04 

2 l'8 E-04 

.I .WE-OT 

3.4 7E-05 

3.14E-04 

1.75 E-04 

1.49E-04 

5.54E-04 

9.OZE-06 

1.94E-CT 

2.53E-07 

3.13E-04 

1 16E-10 

2.90E-05 

7.77E-05 

5.  N E - 0 5  

1.08E-04 

1 76E-04 

0.0 

5.27E-08 

1 v76E-05 

6 36  E-06 

4.5 8E-05 

FOR EXPOSURE 1 M ABOVE CONTAMlNATEO GROUND SURFACE 

TESTES 

7.74 E-04 

2 e 15 E-04 

2 34 E-04 

3.18E-04 

1.80E-06 

5 03 E-05 

4 49E-04 

2.53E-04 

2.18E-04 

7.94E-04 

1.40E-OS 

2. l lE-06 

1.91E-06 

+.SO€-04 

I.96E- 10 

4m52E-05 

1.15E-04 

8.01E-05 

1.58E-04 

2 :54E-04 

.Q. 0 

4.21E-07 

2.6lE-05 

1.17E-05 

6.64E-05 

THYMUS 

6 09  E-0 4 

1 67  E-G4 

1.84E-04 

2 4 1 E-0 4 

2 8 3E-08 

3 -93  E-0 5 

3 53 E-04 

1.98E-04 

1.68E-04 

6.2 8 E-0 4 

1 1  01 E-0  5 

5.40E-08 

1.60E-07 

3.52E-04 

1.52E-10 

3.47E-05 

8.70 E-0 5 

5.91 E -0 5 

1.19E-04 

1.91E-04 

0.0 

3.66 E-0 8 

1.97E-05 

7.53E-06 

5.11E-O 5 

THYROID 

7.32E-04 

2.02E-05 

2.22E-04 

2.94E-04 

4.84E-07 

4.77E-05 

4.22E-04 

2.39E-04 

2.05E-06 

7.54E-04 

1.25E-05 

6.36E-07 

7. 17E-07 

4.24E-04 

1 96 E-10 

4.45E-05 

1 08E-04 

7.50E-05 

1.46E-06 

2.39E-04 

0.0 

1.71E-07 

2.45E-05 

1.03E-05 

6.2OE-05 

UTERUS 

4.78E-04 

1 31E-04 

1.43E-04 

1 93E-04 

1.41E-09 

3.05E-05 

2 83E-04 

1.54E -04 

1.31E-04 

4.87E-04 

7.89E-06 

3.61E-09 

6 7lE-08 

2 .  T5E-04 

1.OlE-10 

2.57E-05 

6.93E-05 

4.63E -0 5 

9.57Ey05 . 
I .  55E-04 

0.0 

,6.28E-09 

1. SEE-05 

5 40E-06 

4.06F-05 

TOTAL 
BODY 

6.22E-04 

1.72E-04 

1.88E-04 

2.54E-04 

1.51E-06 

4.02E-05 

3.62E-04 

2.03E-04 

1.74E-04 

6.39E-04 

1.12E-05 

1.68E-06 

1.47E-06 

3.6lE-04 

1.49E- 10 

3.53 E-05 

9.11 E-05 

6.32E-05 

1.26E-04 

2.03E-04 

0.0 

3.04E-07 

2.07E-05 

9.03E-06 

5.31E-05 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VAR!OUS ORGANS FOR EXPOSURE I M ABOVE CONTAMINATED GROUND SURFACE 
IN S V / Y R  PER BQ/(SQUARE CM, 

NUCL! D E  

PO-103 

P O - 1 0 1  

PO-109 

AG-106Y 

AG-108 

AG-108Y 

LG- i o 9  Y 

AG-110 

L G - 1 1 0 4  

AG-111 

to -109  

CO-11 LH 

C O - 1 1 3  

C O - 1 1 3 H  

CO-115 

CD-11 5H 

co-111 

C O - 1 1 T Y  

!N-111 

IN-11 34 

IN-114 

IN- 114W 

IN-115 

IN-115W 

I N - 1 1 6 Y  

HALF-L! F E  

16.961 0 

6.5E6 Y 

13.453 H 

8.46 D 

2.37 M 

127 Y 

39.6 S 

24.57 S 

249.85 0 

1.46 0 

464 0 

48.1 H 

9.3E15 Y 

13.7 Y 

53.46 H 

44.6 0 

2.49 H 

3.36 H 

2.83 0 

1.658 H 

11.9 S 

49.51 D 

4.6E15 Y 

4.36 H 

54.15 M 

AOREN ALS 

6.72E-07 

0.0 

1.65E-07 

6.35E-04 

4.19E-06 

3.85E-04 

I. 12E-06 

1.21E-06 

6.21E-04 

6 .5TE-06 

6.74E-07 

T.06E-05 

0.0 

0.0 

4.89E-05 

4.86E-06 

2.35E-04 

4.28E-04 

9.85E-05 

6.29E-05 

1 . 5 2 E - 0 6  

2.18E-05 

0.0 

3.96E-05 

5.1TE-04 

BL A ODER 

2.95E-07 

0.0 

1.51E-07 

6. 15E-04 

3.98E-06 

3.67E-04 

1.02E-06 

6.96 E-0 6 

6.03E-04 

6.08E-06 

4.81E-07 

6.45E-05 

0.0 

0.0 

4.64E-05 

4. 75E-06 

2.31E-04 

4 029E-04 

8.99E-05 

5.88E-05 

7.19E-06 

2 .O5E-05 

0.0 

3.67E-05 

5.14E-04 

B R A I N  

2.12E:OT 

0.0 

1. TSE-01  

6.89E-04 

4.45E-06 

4.1 OE-04 

9.12E-01 

1. 80E-06 

6 .  TEE-04 

6.65E-06 

2 29E-07 

6 92E-05 

0.0 

0.0 

5.16E-05 

5 3%-06 

2 . 5  8E-04 

4.81E-04 

'9 6 2E-05 

6.46E-05 

8.04E-06 

2 24E-05 

0.0 

3.99 E-0 5 

5.  18E-04 

BREAST 

9.25E-06 

0.0 

2.08E-01 

7.98E-04 

5.39E-06 

4.88E-04 

5.64 € 4 6  

8.98E-0 6 

7.64E-04 

8. T2E-06 

7.86E-06 

1 04E-04 

0.0 

0.0 

6 2 1 E-0 5 

5.97E-06 

2 91 E-04 

5.39E-04 

1 e 49E-04 

8.34E-05 

9. M E - 0 6  

3.20E-05 

0.0 

5.51E-05 

6.45 E-04 

HE ART 

2 +5 E-07 

0 .o 
1 53 E-0 7 

6.05E-04 

3 90E-06 

3 60 E-0 4 

8.58E-07 

6.83E-06 

S.95E-04 

5 93E-0 6 

2 6 2 E-0 7 

6.2 8E-0 5 

0.0 

0.0 

4.53E-05 

4.70E-06 

2 .28E-04 

4 2 7 E-04 

8.16 E-05 

5. TZE-0 5 

7 05  E-0 6 

1.99E-05 

0.0 

3.56E-05 

5.09E-04 

' S H A L L  
I N T E S T  IN€ 

1 75E-07 

0.0 

1.38E-01 

5.SOE-04 

3.52E-06 

3.24E-04 

7.46E-01 

6.16E-06 

5 .4  1 E- W. 

5.33E-06 

2.23E-01 

5.61E-05 

0.0 

0 .0  

4.08€,-05 

4.29E-06 

2.09E-04 

3.93E-04 

1. 19E-05 

5.14E-05 

6.36E-06 

1.79E-05 

0.0 

3 20E- 05 

4.68E-04 

UPPER 
LARGE 

!NTEST!NE 

4.85E-01 

0.0 

1 63E-01 

6.44E-OQ 

4.1%-06 

3.83E-06 

1.15E-06 

7.21E-06 

6.33E-04 

6.28E-06 

7.2OF-07 

6.69E-05 

0 .0  

0 . 0  

4.81E-05 

5.00E-06 

2.42E-04 

4 .  54E-04 

9.35E-05 

6.08E-05 

1.49E-06 

2.15E-05 

0 . 0  

3.80E-05 

5.42E-04 

LOWER 
L ARGE 

!NTEST!NE 

4.78E-07 

0.0 

1. 5OE-01 

5.94E-04 

3.83E-06 

3.53F-04 

9.50E-07 

6.69E-06 

5.83E-04 

5.81E-06 

4.94E-07 

6 25E-05 

0.0 

0.0 

4.45E-05 

4.60E-06 

2.24E-04 

4.18E-04 

8. T2E-05 

5.65E-05 

6.90E-06 

1.91E-05 

0.0 

3.53E-05 

4.99E-04 



I -  - 

PHQTON DOSE-RATE CONVERSION FACTORS FOR V A R l O U S  ORGANS FOR EXPOSVRE 1 M ABOVE CONTAMINATE0 GROUND 
I N  S V I Y R  PER BQ/(SQUARE QII  

N U C L I D E  

PO-10 3 

PO-10 7 

PO- 109 

AG-106M 

AG-108 

AG-108M 

AG- lO9Y 

A0110 

AG-11 OM 

AG-111 

CO-109 

CO-11LM 

CO-113 

CO-113M 

co-115 

C0-115M 

CD-117 

C0-117Y 

IN-111 

1N-113Y 

IN-114 

IN-114Y 

1N-115 

IN-115M 

l N - L l 6 M  

H A L F - L I F E  

16.961 0 

6.5E6 Y 

13.453 H 

8.46 0 

2.37 M 

127 Y 

39.6 S 

24.57 S 

249.85 0 

7.4b 0 

464 0 

.48.7 M 

9.3E15 Y 

13.7 Y 

53.46 H 

44.6 0 

2.49 n 

3.36 H 

2.83 0 

1.658 H 

71.9 S 

49.51 0 

4.6E15 Y 

4.36 n 

54.15 M 

K I D N E Y S '  

7.78E-07 

0.0 

1.6 3E -0 7 

6.43E - 0 4 .  

4. 16E-06 

3.82E-04 

1.36E-06 

7.2SE-06 

6.32E-04 

6.28E-0 6 

1 09E -06 

6.6fE-0 5 

0 . 0  

0.0 

Q.82E-05 

5.99E-06 

2 42.E-04 

4. SSE-04 

9.31E -0 5 

6.10E-05 

7 49E -06 

2.16E-05 

0.0 

3.82E -0 5 

5.41E-04 

L I V E R  

2 90E-07 

0.0 ,  

1.56E07 

6 12 E-04 

3 96E-06 

3.65E-04 

9.57E-07 

6 91 E-06 

6.00E-04 

6 O S € - 0 6  

3.67E-07 

6 .42E-05 

0.0 

0.0 

4 6 LE-05 

4.73E-06 

?.3OE-.O,$ 

4.30E-04 

8.94E-05 

5.84E-05 

7. IS€-06 

2.03E-05 

0.0 

3.64E-05 

5 l3E-04 

LUNGS 

7 81E-07 

0.0 

1.67E-07 

6 53E-04 

4.25E-06 

3.91E-04 

1.28E-06 

7 4OE-06 

6.40E-04 

6.54E-06 

8.15E-07 

7.OOE-05 

0.0 

0.0 

4.95E-05 

5 03E-06 

2 45E-04. 

4.54E-04 

9.78E-05 

6.30E-05 

7.66E-06 

2 21E-05 

0.0 

3.95E-05 

5.44E-04 

MARROW 

1.11E-06 

0.0 

1 93 E-07 

7.19E-04 

4.8 LE-06 

4 43 E-04 

2.09E-06 

8.22E-06 

6.93E-04 

8.1%-OC 

1 23E-06 

9.50E-05 

0.0 

0.0 

5.72E-05 

5.38E-06 

2.67E-04 . .  
4.78E-04 

1. ME-04  

7.60E-05 

8 63 E-0 6 

2.71 E-05 

0.0 

4.91E-05 

5.76E-04 

REO 
MARROW 

2 8 5 E-07 

0.0 

1.7lE-07 

6.64E-04 

4.33 E-0 6 

3.99 E-0 4 

7.6LE-07 

7.54E-06 

6.49E-04 

6.74E-06 

2.81E-07 

7.0 1 E-0 5 

0.0 

0.0 

5.06E-05 

5 09 E-06 

2.48 E-0 4 

4 60 E-04 

9.69E-05 

6 48 E-0 5 

7.8 1 E-06 

2.19E-0 5 

0.0 

4.05 E-0 5 

5-58  E-0 4 

OVAR I ES 

5.11E-07 

0.0 

1.50E-07 

5.87E-04 

3.83E-06 

3.52E-06 

9.29E-07 

6.71 E - 0 6  

5.79E-04 

5 59E-06 

5.44E-07 

5 72E-05 

0 . 0  

0.0 

4.42E-05 

4.56E-06 

2.17E-04 

4.01E-04 

7.94E- 05 

5.49E-05 

6 90E-W 

1.91E- 05 

0.0 

3.37E-05 

4.86E-OI 

P ANCREAS 

4.17E-07 

0.0 

1 34E-07 

S 29E-04 

3.41E-06 

3.14E-04 

7.80E-07. 

5.96E-06 

5.  LEE-04 

5.23E-06 

4.13E-07 

5. SLE-05 

0.0 

0.0 

3. PIE-05 

4.09E-06 

1 99E-04 

3.73E-04 

7.66E-05 

5 OS€-0 5 

6.16E-06 

1 74E-05 

0.0 

3.1%-05 

4 +5E-O4 

SURFACE 

SKELETON 

1.28E-06 

0.0 

1.96E-07 

7.3LE-04 

4.89E-06 

4.50E-04 . 

2.20E-06 

8.36E-06 

7.05E-04 

8.30E-06 . 
1.37E-06 

9.72E-05 

0.0 

0.0 

5.82E-05 

5.48E-06 

2.72E-04 

4.86E-04 

1.38E-04 

7.73E-05 

8.77E-06 

2.77E-05 

0.0 

5.00E-05 

5.86E-04 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATE0 GROUND SURFACE 
IN SV/YR PER BQItSQUARE CMC 

NUCL I DE 

PO-103 

PO-107 

PO-109 

AG-1O6Y 

AG-108 

AG-108M 

4G-109M 

AG-110 

AG-1104 

AG-111 

CO-109 

C D - 1 1  lrl 

CO-113 

CO-113Y 

C0-1 15 

co- 11 54 

CO-117 

CO-1 11M 

IN-111 

IN-1134 

IN-LL4 

IN-114M 

IN-115 

IN-11 SH 

IN- 11 6Y 

HALF-LIFE 

16.961 0 

6.5E6 Y 

13.453 H 

8.46 0 

2.37 Y 

127 Y 

39.6 S 

21-57 S 

249.85' D 

7.46 0 

464  0 

48.7 Y 

9.3E15 Y 

13.7 Y 

53.46 H 

44.6 0 

2.49 H 

3.36 H 

2.83 0 

1.658 H 

71.9 5 

49.53 0 

4.6E15 Y 

4.36 H 

54-15 M 

SKIN 

1.28E-05 

0.0 

2.51E-07 

1.01E-03 

6.76E-06' 

6.11E-04 

6. 8LE-06 

1.14E-05 

9.17E-04 

9 . 9 5 E 9 6  

1.03E-05 

1.11E-04 

0.0 

0.0 

7.64E -0 5 

7.66E-06 

3.7OE-04 

b.78E-04 

1 57E -04  

9.86E-05 

1.18E-05 

3.77E-05 

0.0 

6.35E-05 

8.19E-04 

SPLEEN 

4.13E-07 

0.0 

1.52 E-01 

5.94E-04 

3.86E-06 

3.55F-04 

9 64E-0 7 

6.12 E-06 

5 82 E-04 

5.98E-06 

4 44E-0 7 

6 039 E-0 5 

0.0 

0.0 

4 50E-05 

4.58E-06 

2 23 E-04 

4 1 4E-04 

8.91 €-OS 

5.14E-05 

6.96E-06 

1 99 E-05 

0.0 

3.59E-05 

4.96E-04 

STOMACH 

4.66E-OT 

0.0 

1 54E-0T 

6.03 E-04 

3.92E-06 

3.61 E-04 

1 .00E-06 

6.84E-06 

5.92E-04 

5 98E-06 

5.08E-07 

6.35E-05 

0.0 

0.0 

4.55E-05 

4.66E-Ob 

2.26E-04 

4.21E-04 

8 86 E-0 5 

5 16E-05 

7 06 E-06 

2.01 E-05 

0.0 

3 60E-0 5 

5 03E-04 

TESTES 

3 T3 E-06 

0.0 

2.2SE-0 1 

0. 7OE-04 

5 .'14E-'06 

5 26 E-04 

3. IS€-06 

9.81E-06 

8.47E-04 

8.85E-06 

3.60E-06 

9.72E-05 

0.0 

0.0 

6.66E-05 

6. WE-06 

3.23E-04 

5.93E-04 

1.31E-04 

8.57E-05 

1 03 E-05 

3.11E-05 

0.0 

5.45E-05 

7.14E-04 

THY nus 

2 -94E-0 7 

0.0 

1.70E-07 

6.78E-04 

4 36  E-0 6 

4.03E-04 

1 2 0 E -0 6 

7.66 E 4 6  

6.69E-04 

6.61E-06 

4.41 E-0 7 

7.2b E-05 

0.0 

0.0 

5 04E-0 5 

5 30E-0 6 

2 55 E-04 

4. TOE-04 

1.02E-04 

6 3 8 E-0 5 

7 -86 E-0 6 

2 28 E-0 5 

0.0 

4.01E-05 

5 6 8 E -0 4 

THYROID 

1 49E- 06 

0.0 

2.08E-07 

8. LIE-04 

5.33E-06 

4.91E-04 

2.12E-Ob 

9.28E-Ob 

8.02E-04 

8.29E-k 

1 65E-06 

9 2 1 E-05 

0.0 

0.0 

6. LlE-05 

6.32E-06 

3 05E-04 

5.55 E-04 

1.30E-04 

1.92E-05 

9. 5aE-06 

2 8lE-05 

0.0 

5.03E- OS 

6. 14E-OI 

I 

UTERUS 

5.4lE-08 

0.0 

1.36E-0 T 

5 3TE-04 

3 .'45€-06 

3.18E-04 

6.72E-01 

b.01E-06 

5.25E-04 

5.34E-06 

6.73s-08 

5.66E-05 

0.0 

0.0 

4.03E-05 

4. L5E-06 

2 OQE-04 

3.8%-04 

7.88E-05 

5.1 ZE-05 

6.23E-Ob 

1.76E-05 

0.0 

3.20E-05 

4.55E-04 

TOTAL 
BOOY 

2 70 E-06 

0.0 

1.79E-07 

6.98E-04 

4.58E-06 

4.20E-04 

2.27E-06 

7.9lE-06 

6.8 1E-04 

1 0 2E-06 

2.50E-06 

1.65E-05 

0.0 

0.0 

5.31E-05 

5.3 5E -06 

2.60E-04 

4.81E-04 

1.07E-04 

6.80E-05 

8.20E-06 

2.45E-05 

0.0 

4.30E-05 

5.17E-04 

w 
VI 
03 



PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSlRE 1 H ABOVE CONTAMINATE0 G R O W 0  SURFACE 
I N  SV/YR PER BO/(SQUARE 0 4 1  

NUCLI OE 

IN-117 

IN-117M 

SN-113 

SN-117M 

SN-119Y 

SN-123 

SN-125 

SN-126 

Sa-117 

58-122 

SB-124 

58-125 

58-126 

SB-126Y 

58-127 

58-129 

TE-121 

TE-IZlM 

TE-123 

TE-123* 

TE-lZSM 

1 6  12 7 

TE-127M 

TE-129 

T€-1294 

HALF-LIFE 

43.8 M 

116.5 M 

115.1 0 

13.60 0 

293.0 0 

129.2 0 

9.64 0 

1.OE5 Y 

2.80 H 

2.70 0 

60.20 0 

2.77 Y 

12.4 0 

19.0 M 

3.85 b 

4.40 H 

16.8 0 

154 0 

1E13 V 

119.7 0 

58 0 

9.35 H 

109 .O 

69.6 M 

33.6 0 

AOR EN AL S 

1 .67E-04  

2.2lE-05 

2.02E-06 

3.66E-05 

4.80E-07 

1.51E -06 

6.69E-05 

1.11E-05 

4. 22E -0 5 

1.06E-04 

4.03E-04 

1.02E-04 

6.55E-04 

3 76E -04 

1 58E -04 

3.24E-04 

1.34E-04 

5. l O E O 5  

6.19E-07 

3.49E-05 

1.98E-06 

1.19E-06 

6 . 4 5 E 4 7  

1 .29E45 

7 . 9 1 E 4 6  

BLAOOEU 

1.58E-04 

2 O4E-0  5 

1.926-06 

3 37E-05 

5.l lE-07 

1.48E-06 

6.58E-05 

1 14E-05 

3.91E-05 

1 01 E-04 

3.99E-04 

9.68605 

6.27E-04 

3 59E-04 

1 51 E-04 

3.16E-04 

1 . 2 8 6 0 4  

4.73E-05 

7.66E-07 

3.23E-05 

2.61E-06 

1 . 1 1 6 0 6  

8.25E-07 

1.23E-05 

7.73E-06 

BF.AIN 

1 74E-04 

2 19E-05 

1 54E-06 

3 55 E-05 

2 04E-07 

1.67E-06 

7.39E-05 

1 13E-05 

4. 15E-05 

1.13E-Ol 

4 47E-04 

1 .OTE-Ol 

7.02E-04 

4.OlE-04 

1.68E-04 

3 55E-04 

1.42E-04 

5 03E-05 

3 03E-07 

3.39E-05 

1 12E-06 

1 23E-06 

3 81E-07 

' le'34E-0 5 

8.28E-06 

BREAST 

2.19 E - 0 4  

3.24E-05 

9.06E-06 

6.llE-05 

4 . 4 0 6 0 6  

1.85E-06 

8.26E-05 

2.49E-05 

6.92E-05 

1.32E-04 

5.05E-04 

1 33E-04 

8 . l lE-04  

4.68E-04 

I.97E-M 

4.01E-04 

i. 7 4 ~ - 0 4  

7.61E-05 

4. WE-06 

5. 7SE-05 

1 31 E-05 

1. H E - 0 6  

4.17E-06 

1. T6E-05 

1.22E-05 

HE ART 

1 514 E-0 4 

1 98 E-05 

1 4 5 E -0 6 

3.2 7 E -0 5 

2 2OE-07 

1 e47 E-0 6 

6.5 1 E-05 

1 O X - 0 5  

3.79E-05 

9.8 7 E-0 5 

3 94 E-0 4 

9.41 E - 0  5 

6.16 E-04 

3.52E-04 

1.48E.44 

3 12 E-0 4 

1 2 5 EO4 

4.56E-05 

3.16 E-0 7 

3. I2E-O5 

1 . 1 3 6 0 6  

1 09E-06 

3 78E-0 7 

1.18E-05 

7.29E-06 

SHALL 
INTEST¶NE 

1.38E-OI 

1. 77E-05 

1.33E-06 

2.87E-05 

2.21E-07 

1.34E-06 

5 95E-OS 

9.04E-06 

3.34E- 05 

8.89E-05 

3.6lE-04 

8.48E-05 

5.56E-06 

3.18E-06 

1.33E-00 

2 84E-OI 

1.12E-04 

4.10E-05 

3 42E- 07 

2.15E-05 

1 24E-06 

9.75E-07 

4 06 E-07 

1. O7E-OS 

6.62E-06 

UPPER 
LA9 GE 

rNTEsT r YE 

1 6 4 E - O Q  

2 12E-05 

2.16E-06 

3.54E-05 

6.13E-07 

1 56E-06 

6.93E-05 

1.13E-05 

4.10E-05 

I .  OS€-04 

4.19E-04 

1.OOE-Ol 

6.  54E-04 

30 74E-OQ 

l.57E-Ol 

3 32E-04 

1 33E-04 

4.88E-05 

7.72E-07 

3.37E-05 

2.38E-06 

1 15E-06 

7.68E-07 

1.27E-05 

8.02E-06 

LOWER 
LARGE 

r N T E s T r w  

1.51E-04 

1.96E-OS 

1.69E-06 

3.24E-05 

3.68€-07 

1.44E-06 

6.38E-05 

9.95E-06 

3.75E-05 

9.67E-05 

3.86E-04 

9,.26E-05 

6.03E-04 

3.45E-04 

1.45E-04 

3.OSE-04 

la23E-04 

4.55E-05 

4.88E-07 

3.09E-05 

1.60E-06 

1.07E-06 

5.24E-07 

1. 17E-05 

7.24E-06 

w 
cn 



PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M *ABOVE CONTARNATE0 GROUND SURFACE 
IF! S V t Y R  PER 84I(SWARE CM) 

NUCLIDE 

lN-117 

IN-11 7M 

SN-113 

SN-117M 

SN-1194 

SN-123 

SN-125 

SN-126 

S B - 1 1 1  

SB-122 

58-124 

58-125 

. 58-126 

S8-126Y 

SB-127 

58-129 

T E 1 2 1  

TE-121Y 

TE-123 

TE-1234 

TE-LZSM 

TE-127 

TE-1274 

1E-129 

TE-129Y 

H A L F 4 1  FE 

43.8 M 

116.5 M 

115.1 0 

13.60 0 

- 293.0 0 

129.2 0 

9.64 0 

l.OE5 Y 

2.80 n 

2.10 0 

60.20 0 

2 - 1 7  Y 

12.4 0 

19.0 M 

3.85 0 

4.40 n 

16.8 0 

154 0 

1E13 Y 

119.7 0 

58 0 

9.35 n 

109 0 

69.6 M 

33.6 0 

KIDNEYS 

1.63E-04 

2.11E-05 

2.70E-06 

3.50E -0 5 

9.73E-0 7 

1.56E-06 

6.92E-05 

1.21E-05 

4.08E -0 5 

1.OSE-04 

4.19E-04 

1.01E-04 

6.53E-04 

3.74E -04 

1.57E-04 

3.31E-04 

1.34E-04 

4.95E-0 5 

1.36E-06 

3.356-05 

4.32E-06 

1. LSE-06 

1.36E-06 

1.29E-05 

8.42E-0 6 

L I VEP 

1.57E-04 

2.02E-0 5 

1 6 T E 0 6  

3.33E-05 

3.48E-01 

1.47E-06 

6.56E-05 

.1 1 2  E-05 

3.87E-05 

1.00E-04 

3.98E-04 

9.59E-05 

6.23E-04 

3.5TE-04 

1.50E-04 

3.14E-04 

1.27E-04 

4.68E-05 

5.30E-07 

3.19E-05 

1.87E-06 

1. l lE-06 

6 . 0 4 E 0 7  

1.21 E-05 

1. 52E-06 

LUNGS 

1..69E-.OC 

2.20E-05 

2.19E-06 

3.69E-05 

6.02E-07 

1 57E-06 

6.96E-05 

1 2%-05 

4.26E-05 

1 O7E-04 

4 2 ZE-04 

1.03E-04 

6.67E-04 

3.82E-04 

1 60E-04 

3.35E-04 

1.37E-04 

5.10E-05 

1.94E-07 

3 52E-05 

2.56E-06 

1.19E-06 

8 25E-07 

1 m31E-05 

8.17E-06 

MARROU 

2 O4E-04 

2.92E-05 

3.lZE-06 

5.46E-05 

9.53E-0 7 

1 66 E-0 6 

7.43E-05 

2.14E-05 

6.09E-05 

1.21 E-04 

4.53E-04 

1.20E-04 

7.45E-04 

4.30E-04 

1.81E-04 

3 63 E-04 

1 56 E-04 

6.81E-05 

1.29E-06 

5.22E-0 5 

4.2SE-06 

1. ME-06 

1 36E-06 

1.53E-05 

9 . 3 4 E 0 6  

REO 
MAPROY 

1 70E-04 

2.2OE-0 5 

1 60E-06 

3 43 E-0 5 

2 12 E-0 7 

1 58 E-06 

7.05E-05 

8.58E-06 

4.01E-05 

1.lOE-04 

4.29 E-04 

1 05 E-04 

6 80 E-04 

3.90E-04 

1.64E-04 

3.40 E-04 

1 3 9  E-0 4 

5.06E-05 

2 84E-0 1 

3.28E-0 5 

9.71 E-0 7 

1.22E-06 

3.26E-07 

1.32E-05 

7.96E-06 

OVARI ES 

1 48E-04 

1 83E-05 

1 68E-06 

2.91E-05 

4.16E-07' 

1.42E-06 

6.27E-05 

9.42E-06 

3.43 E-05 

9.67E-05 

3.76E-W 

9.17E-05 

6.OZE-04 

3.44E- 05 

1 44E-M 

3.02E-04 

1.23E-04 

4.18E-05 

5.59E-07 

2.78E-05 

1 83E-06 

1.04E-06 

5 92 E-07 

l.16E-05 

7.31E-06 

P ANCR EA 5 

1.34E-04 

1.13E-05 

1 .+5E-06 

2.00E-05 

2. ~ S E - O ~  

1.28E-06 

5.67E-05 

8.05E-06 

3 26E-05 

8.62E-0 5 

3.45E-04 

8.24E-05 

5.37E-04 

3.07E-04 

1 29E-04 

2. WE-04 

1.09E-04 

4 . O O E - 0 5  

3. 8OE-01 

2 67E-05 

1 24E-06 

9.54E-01 

4.06E-07 

1.04E-05 

6.41E-06 

SKELETON 

2.08E-04 

2.98E-05 

3.28E-06 

5.6lE-05 

1.02E-06 

1.69E-06 

1.56E-05 

2.20E-05 

6.24E-05 

1.23E-04 

4. f lE-04 

1.22E-04 

7.57E-04 

4.3 7E- 04 

1.84E-04 

3.69E-04 

1.58E-04 

6.96E-05 

1.36E-06 

5.36E-05 

4.43E-06 

1.46E-06 

1.42'-06 

1.56E-05 

9.53E-06 

w m 
0 
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PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOStRE 1 M A8OVE CONTAMINATE0 GROUND SURFACE 
I N  S V I Y R  PER BQItSQUARE 0 1 1  

NUCLIDE 

IN-117 

I N - l l 7 M  

SN-113 

SN-117Y 

SN-119W 

SN-123 

SN-125 

SN-126 

S8-117 

58-122 

98-124 

58-125 

S8-126 

S 8-1 2 6Y 

S8-127 

SB-129 

TE-121 

TE-12lY 

TE-123 

TE-123M 

TE-125Y 

TE-127 

TE- I 2 7 M  

T E 1 2 9  

TE-129M 

HALF-LI FE 

43.8 M 

116.5 M 

115.1 0 

13.60 0 

293.0 0 

129.2 0 

9.64 0 

1 .0~5  r 
2.80 H 

2.70 0 

60.20 0 

2.77 Y 

12.4 D 

19.0 M 

3.85 D 

4.40 H 

16.8 0 

154 0 

lE13 Y 

119.7 0 

58 0 

9.35 H 

109 0 

69.6 Y 

33.6 D 

SKIN 

2.59E-04 

3.54E-05 

1.1OE-05 

6.13E-05 

5.47E -06 

2.38E -06 

1. 06E-04 

2 . 3 8 E 4 5  

7.17E-05 

1.65E-04 

6.36E-04 

1. 63E-04 

l.OZE-03 

5.86E-04 

2.46E-04 

5.106-04 

2.17E-04 

8.19E-05 

5.66E-06 

5.72E-05 

1.51E-05 

1 826-06 

4.83E -06 

2.14E-05 

1.51E-05 

SPLEEN 

1.54E-04 

2 0 1 E-05 

1 68E-06 

3 . 3 3 E 0 5  

3.50E-07 

1.43E-06 

6.34E-05 

1.05E-05 

3.85E-05 

9.76E-05 

3.85E-04 

9 . 3 7 6 0 5  

6.06 E-04 

3.47E-04 

1.46E-04 

3 05 E- 04 

1 . 2 4 6 0 9  

4.63E-05 

4.80E-07 

3.18E-05 

1.62E-06 

1.09E-06 

5.29E-07 

1.186-05 

7.27E-06 

STOMACH 

1.55E-04 

ZoOOE-05 

1.75E-06 

3 .31E-05 

4 00E-07 

1 A5E-06 

6.45E-05 

1 .O7E-05 

3.83 E-0 5 

9.89E-05 

3.90E-04 

9 A?€-05 

6 16E-04 

3.53E-04 

1 .48E-04 

3 10E-04 

1 26E-OQ 

4 6 ZE-05 

5 49E-07 

3.16E-05 

1 83E-06 

1.09E-06 

5.94E-07 

1.20 E-05 

7.44E-06 

, _  

TESTES. 

2.28E-04 

3.07E-05 

5.47E-06 

5 32E-0 5 

2.31 E-06 

2.06E-06 

9.17E-05 

1.99E-05 

6.14E-05 

1.44E-04 

5.56 E- 04 

1 40E-04 

8.89E-& 

5.lOE-04 

2.15E-04 

4.43 E- 04 

1.86E-04 

r.141i-05 

2.75E-06 

5.06E-05 

8.06E-06 

1.6lE-06 

2.56E-06 

1 81 E-05 

1.19E-05 

THYMUS 

1 e 74 E-0 4 

2.27 E-0 5 

2.00E-06 

3.9 1 E-0 5 

4.88 E-0 7 

1 66  E-06 

7.30 E-0 5 

1.44E-05 

4.49E-05 

l.lOE-04 

4.3 6 E-0 4 

1 06 E-04 

6.91 E-04 

3.95E-04 

1.66E-04 

3.50 E-04 

1.4OE-04 

7.33E-0 5 

7.98E-07 

3 75 E -0 5 

2.89E-06 

1.21 E-06 

9.13 E-0 7 

1.34E-05 

8 5 3E-0 6 

THYRO I D  

2.14E-OI 

2 88 E- 05 

3.59E-06 

5.07E-05 

1.25E-06 

1.97E-06 

8.69E- 05 

1.89E- 05 

5.80E-05 

1 34E-05 

5.20E-04 

1 30E-04 

8.37E-04 

4.79E-04 

2.01E-01 

UTERUS 

1 37E-04 

1 78E-05 

1.14E-06 

2.91E-05 

9.966-08 

I. 29E-06 

5 77E-05 

9 03E-06 

3 . 3 r ~ - o 5  

8.73E-05 

3.53E-04 

8.35E-05 

5.43E-04 

3.LLE-04 

1 3 1 E -04 

4.19E-04 75E-OQ 

1.71E-04 

6.75E-05 

l.66E-06 

4.85E-05 

5m25E-06 

1 50E-06 

1.67E-06 

1 66 E-05 

1 O7E-05 

l.lOE-04 

4.10E-05 

1.88E-07 

2.78E-05 

8.llE-07 

9.71E-07 

2. I O E - O ~  

1.05E-05 

6.36E-06 

TOTAL 
Boor 

1.81E-04 

2.42E-05 

3.87E-06 

4.13E-05 

1.55E-06 

1.67E-06 

7.40E-05 

1.49E-05 

4.77E-05 

1.15E-04 

4.49E-04 

1 1 ZE-04 

7.12E-04 

4.08E-04 

1.72E-04 

3.56E-04 

1.48E-04 

5.60E-05 

1.81E-06 

3.92E-05 

5.29E-06 

1.28E-06 

1.69E-06 

1.43E-05 

9.31E-06 



PHbTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGAMS FOR EXPOSURE 1 M ABOVE CONTAMINATED GROUNO SURFACE 
I N  SVIYR PER BQ/(SQUARE Cnt 

NUCLIDE 

TE-131 

TE-13lW 

TE-132 

YE-133 

TE-133W 

T e u 4  

1-122 

1-123 

1-124 

1-125 

1-126 

1-128 

1-129 

1-130 

1-131 

1 - u 2  

1-133 

1-134 

1-135 

I- 136 

XE-122 

XE-123 

XE-125 

XE-127 

XE-1294 

H&LF-LIFE 

25.0 M 

3 0 H  

78.2 H 

12.45 M 

55.4 M 

41.8 M 

3.62 M 

13.13 H 

4 -10  0 

60.14 0 

12.93 0 

24.99 M 

1.57E7 Y 

12.36 H 

8.040 0 

2.30 H 

20.8 H 

52.6 M 

6.61 H 

83 s 

20.1 H 

2.14 H 

16.8 H 

36.406 0 

8.89 D 

AOREN At. S 

9.92E-05 

3.26E-04 

5.42E-05 

2.lZE-04 

5.06E -04 

2.09E-04 

2.31E-04 

3.89E -0 5 

2.37E-04 

Z .Z IE -06  

1.09E-04 

1.82E -05 

2.19E-06 

5.06E-04 

9 . 3 7 ~ 4 5  

5 . 3 1 8 4 4  

1.43E-04 

5.98Ed4 

3.30E-04 

5.OtE-04 

1.47E-05 

1 .41E64  

6.09E-05 

6.53E -05  

6 O3E-06 

BLAODER 

9.43E-05 

3.16E-04 

5.04E-05 

2.04E-04 

4 . 9 2 6 0 4  

1 98E-04 

2.20E-04 

3.63E-05 

2.31E-04 

3 . 0 1 6 0 6  

1 0 4 E 0 4  

1 72 E-05 

3.03E-06 

4.85E-04 

8 . 7 6 6 0 5  

5.13E-04 

1.37 E-04 

5.81E-04, 

3.29E-04 

5.07E-04 

l . 4 3 E O 5  

1 36 E-04 

5. 72E-05 

6.07E-05 

7 . 1 8 6 0 6  

BRAIN 

1 04E-04 

3.53E-04 

5 26 E-05 

2 27E-04 

5 05 lE-04  

2 ZOE-04 

2.45 E-04 

3 79 E-05 

2 .57E-04 

1 e24E-06 

1.16E-04 

1 90E-05 

1.37'E-06 

5 A3E-04 

9.63E-05 

5 76E-04 

1.53 E-04 

6.53E-04 

3.70E-04 

S.67E-04 

1 .43E-05 

1.50E-04 

6 01 E-05 

6.38E-05 

4 53E-06 

BREAST 

1033E-04 

4.08E-04 

8.47E-05 

2.69E-(W 

6.3lE-04 

2.72E-04 

2.92E-04 

6.57E-05 

3.02E-M 

1 . 5 6 6 0 5  

1 ; 40 E-04 

2.34E-05 

1.28E-05 

6.28E-04 

1.22E-04 

6.55E-04 

1 WE-04 

7.36 E-04 

4.1ZE-04 

6.36E-04 

2.76E-05 

1.92E-04 

9.54E-05 

1.OlE-04 

2. 54E-05 

HE ART 

9.26 E-0 5 

3.11 € 4 4  

4.78E-05 

2 0 1 E-04 

4.856-04 

1.94E-04 

2.15E-04 

3.47E-05 

2.26E-04 

1 e25 E-06 

1.02 E-04 

1.67E-05 

1.34E-06 

4.76 E -0 4 

8 54 E-0 5 

5.05E-04 

1 3 4  E-04 

5.74E-04 

3.26E-04 

5.04E-04 

1 2 9 E-0 5 

1 33  E-04 

5.44E-OS 

5.8 0 E-0 5 

4 a3 0 E-0 6 

SMALL 
INTEST INE 

8.32E-05 

2. BZE-OQ 

4.30E-05 

1.82E-01 

4.41E-04 

1 75E-04 

1 94E-01( 

3.07E-05 

2.06E-OI 

1.40E-06 

9.18E-05 

1. SO€- 05 

1.52E-Ob 

4.30E-OI 

7.68E- 05 

4.58E-04 

I .  2 1E-04 

5.22E-04 

3.00E-01 

4.69E-05 

1 17E-05 

1.21E-04 

4.89E-05 

5.19E-05 

4.36E-06 

UPPER 
LARGE 

INTESTINE 

9.87E-05 

3.31E-04 

SOLS€-05 

2'. 13E-04 

5.16E-04 

2 Ob€-04 

2.28E-04 

3 78E-05 

2.4 I E-04 

2.75E-06 

1 09E-04 

1.78E-05 

2 47E-06 

5 06 E-04 

9.05E-05 

5.3TE-04 

1 42E-04 

6; 11E-04 

3.46E-04 

5.37E-04 

1.45E-05 

1 4ZE-04 

5.88E-05 

6.24E-05 

6.35E-06 

LOWER 
LARGE 

INTEST INE 

9.09E-05 

3.05 E-04 

4.79E-05 

1.97E-04 

4.75E-04 

1 91E-04 

2. l lE-04 

3.45E-05 

2.22E-04 

1.83E-06 

1.00E-04 

1.64E-05 

1. 8lE-06 

4.66E-04 

8.43E-05 

4.94E-04 

1.3 1 E-04 

5.62E-04 

3.19E-04 

4.96 E-04 

1.31E-OS 

1.3lE-04 

5.43E-05 

5.79E-05 

5.09E-06 

W 
0 7  
N 
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PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTARlNATED GROUND SURFACE 
I N  SVIYR PER BOI(S0UARE Qo 

NUCLIDE 

TE-131 

YE-13lN 

TE-132 

TE-133 

TE-133N 

TE-134 

1-122 

1-1 23 

1-124 

1-125 

1-126 

1-128 

I-129 

1-130 

!-131 

1-132 

I-133 

1-134 

1-135 

1-136 

XE-122 

XE-123 

XE-125 

XE-121 

XE-129M 

HALF-LIFE 

25.0 M 

30 n 

78.2 n 

12.45 M 

55.4 M 

41.8 M 

3.62 M 

13.13 n 

4.18 0 

60.14 0 

12.93 0 

24.99 M 

I. S f E 7  Y 

12.36 H 

8.040 0. 

2.30 n 

20.8 n 

52.6 M 

6.61 n 

83 s 

20.1 H 

2.11 n 

16.8 H 

36.406 0 

8.89 0 

KIDNEYS 

9.80E-05 

3.31E-04 

5.30E-05 

2.13E-04 

5. 16E-04 

2 O I E - 0 4  

2.29E-04 

3.82E-05 

2 .42E04  

5.06E-06 

1 .09E44  

1.78E-05 

4.79E-06 

5.OSE 0 4  

9.07E-05 

5.36E-04 

1.42E-04 

b.09E-04 

3.46E-04 

5.41E-04 

1.60E-05 

1.43E-04 

6.07E-05 

60 38E 4 5 

1.03E-0 5 

L! VER 

9 38 E-0 5 

3 14E-04 

4.96E-05 

2.03E-04 

4.89E-04 

1 97E-04 

2.19E-04 

3 57E-05 

2.30E-04 

2 .  M E - 0 6  

I 03E-04 

1. 70E-05 

20 28EO6 

4.82E-04 

8.71€-05 

5 1 OE-04 

1 .%E-04 

5 79E-04 

3.28E-04 

5.08E-04 

10 37E-05 

1 .%E-04 

5.63E-05 

5 . 9 8 E 0 5  

5.9oE-oa 

LUNGS 

1.0 1 E-04 

3.35E-04 

5.43E-05 

2. l lE-04 

5.22E-04 

2 12E-04 

2 35E-04 

3 9%-05 

2.45E-04 

2 9%-06 

1.11E-04 

1.83E-05 

2.88E-06 

5. ME-04 

9.386-05 

5.45E-04 

1 46E-OI 

6.17E-Ol 

3.48E-04 

5.35E-04 

1 5 2E-’05 

1 46E-04 

6.15E-05 

6.54E-05 

L14E-06  

MARROW 

1 23E-04 

3. IO€-04  

7.46E-05 

2.46E-04 

5.72E-04 

2 50E-04 

2.68E-04 

5.74E-05 

2.70E-04 

4.90E-06 

I .  26 E-04 

2.15E-05 

4. 89E-06 

5.76E-04 

1.14E-04 

5 . 97 E-04 

1 65 E-04 

6.67E-04 

3.67E-04 

5.56E-04 

2.02E-05 

1 72 E-04 

8.21E-05 

8. W E 0 5  

1.14E-05 

REO 
MARROW 

1-00 E-04 

3.39E-04 

5.30E-05 

2.21E-04 

5 2 8 E -0 4 

2.14E-04 

2.40 E-04 

3.67E-O 5 

2.49E-04 

1.08E-06 

1 13 E-04 

1.88E-0 5 

1.09E-06 

5.2bE-04 

9.64E-0 5 

5.54 E-0 4 

1.49 E-0 4 

6.256-04 

3.5lE-04 

5.44E-04 

1.4 1 E -0 5 

1 45 E-0 4 

5.97 E - 0 5  

6.4OE-05 

4.12E-06 

W A R 1  ES 

8.79E-05 

3.01E-04 

4.4OE-05 

1.92E-OI 

4.69E-04 

1.87E-04 

2.10E-04 

3.15E-05 

2.19E-Ob 

2. LO€-06 

9.95E-05 

1.62E-05 

2.07E-06 

4.66E-04 

8.15E-05 

4.93E-04 

1 3 1E- 04 

5.57E-04 

3.10E-0) 

40  69E-06 

1 26E-05 

1.2 7E-04 

5 08 E- 05 

5.34E-09 

5.34E- 06 

PANCREAS 

8.03E-05 

2.7lE-04 

4.20E-05 

1.7bE-04 

4.22E-04 

1.69E-04 

1 88E-04 

2 99E-0 5 

1 98E-04 

1 40E-06 

8.90E-05 

1.47E-05 

L 37E-06 

4.15E-04 

7.5lE-05 

4.40E-01 

1 1 7E-04 

5.OOE-04 

2 84E-04 

4.43E-04 

1 14E-05 

1 16E-04 

4.76E-05 

5 .O8E-05 

4. l lE-06 

SKELETON 

1.26E-04 

3.76E-04 

7.63E-05 

2.50E-04 

5.82E-04 

2.54E-04 

2.73E-04 

5.89E-05 

2.75E-04 

5m12E-06 

1.29E-04 

2.18E-05 

5.06 E-06 

5.86E-04 

1.16E-04 

6 06E-04 

1.68E-04 

6.79E-04 

3.73E-04 

5.66E-04 

2.06E-05 

1.75E-04 

8.39E-05 

9.15E-05 

1.18E-05 

0 m 
0 



PHOTON WSE-RATE C W E R S I t M  FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 H h8OVE CONTAMINATE0 GRWNO SURFACE 
I N  SV/VR PER BWtSOUARE 04, 

NUCLIOE 

TE-131 

T E 1 3 1 Y  

TE-132 

TE-133 

TE-133M 

YE-134 

1-122 

1-123 

1-124 

1-125 

1-126 

1-128 

1-129 

1-130 

1-131 

t-132 

1-133 

1-134 

1-135 

I- 136 

XE-122 

XE-123 

XE-125 

XE-127 

XE-129rl 

HALF-LIFE 

25.0 H 

30 n 

78.2 n 

12.45 M 

55.4 H 

41.8 M 

3.62 M 

13.13 n 

4.18 0 

60.14 0 

12.93 0 

24.99 M 

1.57E7 V 

12.36 H 

8.040 0 

2 -30  n 

20.8 n 

52.6 M 

6.61 n 

83 5 

20.1 n 

2.14 n 

16.8 n 

36.406 0 

8.89 0 

SKIN 

I. 55E-04 

5.13E-04 

8.95E-05 

3.29E-04 

7.96E-04 

3.28E-04 

3.61E-04 

6.71E-05 

3.7lE-04 

1.80E-05 

I .  74E-04 

2.84E-05 

1.43E-05 

7.92E-04 

1 e44E-04 

8.33E-04 

2.24E-04 

9.40E -04 

5.23E-04 

7.91E-04 

3.12E-05 

2.28E-04 

1.04E 4 4 

1.0 O8E-04 

2.81E-05 

SPLEEN 

9.19E-05 

3.05E-04 

4.90E-05 

1.98E-04 

+.IS€-04 

1 a92E-04  

2.13E-04 

3.55E-05 

2 23 E-04 

1 e84E-06 

1 .01E04  

1.67 E-05 

1.87E-06 

4.69E-04 

8.56E-05 

4.95E-04 

1 3 3 E 0 4  

5.61E-04 

3.17E-04 

4.89E-04 

1.33E-05 

1.32E-04 

5 54E-05 

5.92E-05 

5.23E-06 

STOMACH 

9.26E-05 

3 10E-04 

4.89E-05 

2.00E-04 

4.83E-04 

1 95E-04 

2 16E-04 

3.54E-05 

2-26E-04 

2 09E-06 

1 OZE-04 

1.68E-05 

2.11E-06 

4.16E-04 

8 60E-05 

5 04E-04 

1 34E-04 

5.11E-04 

3.21E-04 

4.99E-01 

1.35E-05 

1.33E-04 

5.55E-05 

5 91 E-05 

5.61E-06 

TESTES 

1.37E-04 

4o46E-04 

7. WE-05 

2.89E-04 

6.92E-04 

2 86 E-04 

3.15E-04 

5.76E-05 

3.21E-04 

9.49E-06 

1. 5OE-04 

2.48E-05 

8.36E-06 

6.88E-04 

1 27E-04 

7.23E-04 

1.95E-04 

8.15E-04 

4.56E-04 

6. WE-04 

2.40E-05 

1.98E-M 

8.83E-05 

9.34E-0 5 

1.74 E-0 5 

T H Y  MUS 

1.06E-04 

3.51E-04 

5.7OE-05 

2.25E-04 

5.47E-04 

2 20 E-0 4 

2.39E-04 

4.19E-05 

2.52E-04 

3.32E-06 

1 15 E-0 4 

1 86 E-0 5 

3.61 E-06 

5.34E-04 

9.58E-05 

5'. 67 E-0 4 

1 49 E-04 

6.46 E-0 4 

3 63 E-0 4 

5.55E-04 

1 59 E-0 5 

1.5 1 E-04 

6 e45 E-0 5 

6.85 E-0 5 

8 e40 E-06 

THYRO ID 

1.30E-OQ 

4.22E-04 

l.28E-05 

2.72E-OQ 

6.56E-04 

2. 7OE-04 

2.92E-(n 

5.43E- 05 

3 O4E-04 

6.12E-M 

1.4OE-OQ 

2.29E- 05 

5.86E-06 

6 46E-04 

1.18E-04 

6.82E-04 

1.82E-04 

7.73E-05 

4- 30E-OI 

6. 5OE-OQ 

2.10E-05 

1.85E-04 

8.22E-05 

8.75E-05 

1.29E-05 

UTERUS 

8.22E-05 

2 75E-04 

4.31E-OS 

1 79E-04 

4.29E-04 

1.72E-04 

1.91E-04 

3 09E-05 

2 O2E-04 

8. BO€-07 

8.99E-05 

1 49E-05 

1 10E-06 

4 20E-04 

7.64E-05 

4 ~ 4 5 E - 0 4  

1.19E-04 

5.06 E-0 4 

2.91E-04 

4.53E-04 

1.14E-05 

1.19E-04 

4 87E-05 

5.21E-05 

3.65E-06 

TOTAL 
BOOY 

1.09E-04 

3.58E-04 

6.04E-05 

2.31E-04 

5.56E-04 

2.28E-04 

2.51E-04 

4.45E-05 

2.62E-04 

6.21E-06 

1.20E-04 

1.97E-05 

5.47E-06 

5.5 1E-04 

1.01E-04 

5.81E-04 

1.56E-04 

6.56E-04 

3.69E-04 

5 66 E-04 

lm82E-05 

1.57E-04 

6.87E-05 

7.27E-05 

1.18E-05 

w m 
P 



. -  

PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATED GROUND SURFACE 
I N  SV/VR PER BQ/(SQUARE CMD 

NUCL I DE 

XE-131M 

XE-133 

. XE-133H 

XE-135 

' XE-135M 

X E - ~ ~ T  

XE-138 

CS-126 

CS-129 

CS-131 

CS-132 

CS-134 

CS-134M 

CS-135 

C S- l 36  

CS-13r 

CS-138 

CS-139 

81-131 

8 A433 

. 8A-133M 

BA-135M 

BI-137M 

81-139 

81-140 

HALF-LIFE 

11.84 0 

5.245 0 

2.19 0 

9.11 H 

15.36 M 

3.83 M 

14.13 M 

1.64 M 

32.06 H 

9.688 0 

6.475 D 

2.062 Y 

2.90 H 

2.3E6 Y 

13-16 D 

%.it Y 

32.2 M 

9.40 M 

11.8 D 

10.5 Y 

38.9.H 

28.1 n 

2.552 M 

83.1 M 

12.769 0 

ADRENALS 

2.23E-06 

8 26E-0 6 

r . s 3 ~ - 0 6  

6.21E-05 

1.03E-04 

4.37E -05 

2.31E-04 

2.68E -04 

6 43E-05 

1 92E-06 

1 e67E-04 

3 . 6 ~ ~ 4 4  

5.06E -06 

0.0 

4.95E-04 

0.0 

4.88E-04 

6. i r E - 0 ~  

1 10E-04 

9.09E-0 5 

1.41E45 

1.25E-05 

1.42E-04 

- 8.52E-06 

4.53E-05 

BL A DOER 

2.66E-06 

9. ME-06 

7. 52E-06 

5 TOE-05 

9.rr~-os 
4. LEE-05 

2 38 E-0 4 

2.55E-04 

6. L4E-05 

2.60E-06 

1. 60 E-04 

3 53E-04 

5. I+€-06 

0.0 

4. 8OE-04 

0.0 

4.88E-04 

6.23E-05 

1.05E-04 

8.6r E-05 

1.38E-05 

1 23 E-05 

1 ME-04  

7.94E-06 

4.30E-05 

BRA1 N 

1.63E-06 

8 06 E-06 

6.81E-06 

6 15E-05 

1 09E-04 

4.65E-05 

2 65 E-04 

2 84E-04 

6.51E-05 

1 12E-06 

1 78E-04 

3 95 E-04 

4.67E-06 

0.0 

5 37E-04 

0.0 

s .41~-04  

6 .99E-05 

1 13E-04 

9.llE-05 

1.35E-05 

1. LEE-05 

1 52+ 

8.4rE-06 

4073E-05 

BREAST 

1.OOE-05 

2. 20 E-0 5 

L . ~ ~ E - O S  

8.58E-05 

1 31 E-04 

5.5%-05 

3.06E-04 

3.41 E-04 

9. roE-05 

1.19E-05 

2.15E-04 

4.53E-04 

1 23 E-05 

0.0 

6.19E-04 

0.0 

6. 15E-04 

r.  m - 0 5  

1.59E-04 

1.41E-04 

2.60E-05 

2 .3 r~ -os  

1. r 6 ~ - 0 4  

1.30E-05 

60 05iE-05 

HE ART 

1 56E-6 

r . 3 4 ~ - 0 6  

6.2SE-06 

5.55 E-0 5 

9.5 2 E-0 5 

4.09E-05 

2.36E-04 

2 -49 E-04 

5. r8E-o 5 

1.12E-06 

1.56E-04 

3 . 4 7 ~ - 0  4 

4.34E-06 

0.0 

4 . 1 2 ~ 4 ~  

0.0 

4.84E-04 

6.19E-05 

1 0 1 E-0 4 

8.14E-05 

1 22E-0 5 

i.orE-05 

1.34 E-0 4 

r .73~-0  6 

4.17E-OS 

SHALL 
INTEST !NE 

1. 58E- 06 

6.69E-06 

5.80E- 06 

4. m - 0 5  

8.57E-05 

3.71E-05 

2. 18E-04 

2.2SE-06 

5 24E-05 

1 27E-06 

1.41E-04 

3.13E-W 

3. 92E-06 

0.0 

4.29E-01 

0.0 

4 . 4 1 ~ - 0 4  

5. ICE-05 

9.06E-05 

r . 3 5 ~ -  05 

1. It€-05 

9.86E-06 

1.2lE-M 

60 81E-06 

3.75E-05 

UPPER 
LARGE 

INTESTINE 

2.37E-06 

8. S2E-06 

r .  3 6 ~ - 0 6  

5 .  88E-05 

1.0'1E-04 

4.35E-05 

2. 51E-04 

2.65E-04 

6.276-05 

2.16E-06 

1.6TE-04 

3.69E-04 

5.09E-06 

0.0 

5.03E-04 

0.0 

5.1SE-04 

6.58E-05 

1.08E-04 

8.80E-05 

L.~TE-OS 

1 21E-05 

1. 42E-04 

8.21s-06 

4.45E-05 

LOWER 

INTESTINE 

1.87E-06 

LARGE. 

r. ~ ~ - 0 6  

6.51~-06 

5.52E-05 

9.34E-05 

4.02E-05 

2.32E-04 

2 45 E-04 

5.77E-05 

1.56E-06 

1 53E-04 

3 . W - 0 4  

4.45E-06 

0.0 

4.63E-04 

0.0 

4. rsE-04 

6.08E-05 

9.95E-05 

8.11 E-05 

1.25E.-05 

1.10E-05 

1.3 LE-04 

1.64E-06 

4. IO€-05 



PMOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR E X P O S a E  1 H ABOVE CONTAMINATE0 G R O W 0  SURFACE 
I N  S V l Y R  PER BW(S9UARE 0 1 1  

NUCLIDE 

XE-13 1M 

XE- 133 

XE-13 3M 

XE-135 

XE-135W 

XE-13l 

XE-138 

CS-126 

CS-129 

CS-131 

CS-132 

CS-134 

CS-134W 

CS-135 

C 5-136 

CS-137 

CS-138 

CS-139 

91-131 

8 A- 133 

BA-133M 

BA-13SW 

B A-1 37W 

91-139 

84-140 

HALF-LI FE 

1 1 ~ 8 4  0 

5.245 0 

2.19 0 

9.11 H 

15.36 H 

3.83 H 

14.13 M 

1.64 ly 

32.06 H 

9.688 0 

6.475 0 

2.062 Y 

2.90 H 

2.3E6 V 

13.16 0 

30.17 Y 

32.2 M 

9-40 M 

11.8 0 

10.5 Y 

38.9 H 

28.7 ti 

2.552 H 

83.1 M 

12.789 0 

KIONETS 

3.91E-06 

l.ME-05 

8.96E -06 

5.89E05 

1.02E-04 

4.35E-05 

2.52Ed4 

2.65E -04 

6.5 8E -0 5 

4.28E d 6 

1 -69E-04 

3.68E-04 

5.96E-06 

0.0 

5002E 4 4  

0.0 

5.16E-04 

6.61E-05 

1.11E-04 

9.23E -05  

1.54E-05 

1.39E-05 

1.42E-04 

8. 2OE-06 

4.49E-05 

LIVER 

2.16E-06 

8.51E-06 

6.  WE-06 

S.67E-05 

9.70E-05 

4.  M E - 0  5 

2.38E-04 

2.54E-04 

6 01 E-OS 

1 e93E-06 

1.59E-04 

3 50E-04 

4 81E-06 

0.0 

40l7E-04 

0.0 

4.88E-04 

6 24E-05 

1 04E-04 

8.50E-OS 

1 32E-05 

1 17E-OS 

1 -35E-04 

1.89E-06 

40 26 €-OS 

LUNGS 

2 66E-06 

9.6 1E-06 

7.90E-06 

6 14E-05 

1 04E-04 

4.45E-05 

2.52E-M 

2 7 2E-04 

6.53E-05 

2 51E-06 

1 7OE-04 

3 75E-04 

5.46E-06 

0 .o 

5 09E-04 

0.0 

5. 16E-04 

6.58E-05 

1 12E-04 

9 26 E-05 

1.45E-05 

1 rn 29E-05 

1 45E-M 

8 -6 1E06 

4.59E-05 

HARROW 

4.30E-06 

1 65E-05 

1.12E-05 

8o03E-05 

1.20E-04 

5.10E-05 

2 72 E-04 

3.14E-04 

8.OSE-05 

4022E-06 

1.91 E-04 

4. 14E-04 

8.7OE-06 

0.0 

5. 62E-04 

0.0 

5. M E - 0 4  

6. ME-05  

1.39E-04 

1.2OE-04 

1.91E-05 

1.76E-05 

1 61E-04 

1.21E05 

5 44E-05 

REO 
HARROU 

1.46E-06 

6.00E-06 

6.79 E - 0 6  

6.27E-05 

1 06 E-04 

4.56E-05 

2 56 E-04 

2.78 E-04 

6.486-05 

9 2 6 E -0 7 

1.72E-04 

3 82 E-0 4 

4m19E-06 

0.0 

5.14E-04 

0.0 

5 23 E-0 4 

6.66 E-0 5 

1 11 E -0 4 

8.97E-05 

1.35E-0S 

1.18E-05 

1.47E-04 

8.22E-06 

40 64E-0 5 

P ANCR € A S  

1 50E-06 

5. 85E-06 

S. 65E-06 

4.88E-05 

8.34E-05 

3.59E-05 

2 O I E - 0 4  

2.19E-04 

5. LLE-05 

1 19E-06 

1.36E-04 

3. O2E-04 

3.7lE-06 

0.0 

4.1lE-04 

0.0 

4.24E-04 

5.42E-05 

8.90E-05 

7.13E-05 

1.09E-05 

9.55E-06 

1 16E-04 

6.6%-06 

3.65E-05 

SKELETON 

4.45E-06 

1.7OE-05 

1 15E-05 

8. k9E-05 

1.22E-04 

5.18E-05 

2. 7lE-04 

3.19E-04 

8.20E-05 

4.38E-06 

1.94E-04 

4.21E-04 

8.96E-06 

0.0 

5.72E-04 

0.0 

5.55E-04 

6.97E-05 

1.42E-04 

1.23E-04 

2.01E-05 

1.80E-05 

I .  64E-04 

1.24E-05 

5.53E-05 

0 
al 
al 
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PHOTON OOSE-UATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M &BOVE COITAMINATEO GROUYO SURFACE 
IN s v / m  PER B Q / ( S Q Z I A R E  ~ W I  

NUCLIOE 

XE-131M 

X F 1 3 3  

XE-133M 

XE-135 

XE- 135M 

X E L 3 7  

XE-138 

CS-126 

CS-129 

CS-131 

CS-132 

CS-134 

CS-134H 

cs-135 

CS-136 

CS-137 

CS-138 

CS-139 

~ A - U L  

e ~ - m  

e&- I 33n 

BA-135M 

8A- 13 Tly 

8A-139 

BA-110 

HALF-L1 FE 

11.84 0 

5.245 0 

2.19 0 

9.11 H 

15.36 M 

3.83 M 

14.13 M 

1.64 M 

32.06 H 

9.688 0 

6.475 0 

2.062 V 

2.90 

2.3Eb V 

13.16 0 

30.17 Y 

32.2 M 

9.40 M 

11.8 0 

10.5 V 

38.9 H 

28.7 H 

2.552 M 

83.1 W 

i2.7e9 o 

SKIN 

l . l l E - 0 5  

2. LSEQS 

1.9 3E -0 5 

9.36E-05 

1.62E-04 

6.78E-05 

3.74E-04 

4.19E-04 

1. 14E-0 4 

1 o34E-05 

2.71E-04 

5. 75E-04 

1.26E-05 

0.0 

7.79E-04 

0.0 

. .  

7. 7JE-04 

9.7SE-05 

1.84E-04 

1.51E-04 

2.87E-05 

2.60E435 

2.23E-04 

lo 3ZE-O 5 

7.29E-05 

SPLEEN 

1.92E-06 

7.79E-06 

6 TOE-06  

5.62E-05 

9.46E-05 

4 Ob€-05 

2.30E-04 

2.48E-04 

5.86E-05 

1 60E-06 

1 54E-04 

3 4 1 E-04 

4.blE-06 

0.0 

4.63E-04 

0.0 

4.71E-04 

6 01 E-05 

1 01 E-04 

8.29E-05 

1.27E05 

1 1 2 E-05 

1032E-04 

7.82E-06 

4.16E-05 

STOMACH 

2 07E-06 

8.OZE-06 

6 8 3E-06 

5 60E-05 

9057E-05 

40 LO€-05 

2.33E-04 

2 50 E-04 

5.92E-05 

1 m81E-06 

1.57E-04 

3.46E-04 

6 68 E-06 

0.0 

4.70E-04 

0.0 

6.78E-04 

6 10E-05 

1.02E-04 

8 034E-05 

1029E-05 

1. l*E-05 

1.34E-04 

7 78 E-06 

4 2OE-05 

TESTES 

6.73E-06 

1.70E-05 

1. QOE-05 

8.39E-05 

1.40E-04 

5.95E-0 5 

3.30E-04 

3.66E-04 

9.42E-0 5 

7. 63E-06 

2. 31 E - 0 4  

4.996-04 

9 . 5 2 6 0 6  

0.0 

6.77E-04 

0.0 

6.77E-04 

8. S 9 E 0 5  

1.58 E-04 

1.34E-04 

2. 28E-05 

2.obE-0s 

1.93E-04 

1020E-05 

60 28E-05 

THV MUS 

3.llE-06 

1.14E-05 

8.54E-06 

6 s 3 5 E -0 5 

1-01 € 4 4  

4.54E-0 5 

2.58E-04 

2.77E-04 

6.72E-05 

3 -05 E-06 

1 77 E-0 4 

3.89E-04 

6.lSE-06 

0.0 

5.3 6 E-0 4 

0.0 

5.35E-O* 

6.82E-05, 

1.16E-O+ 

9 . 6 7 E y  5 

1 55 E-0 5 

1.39E-05 

1.5OE-04 

9.16E-06 

4.TOE-05 

UTERUS 

1 29E-06 

6.48E -0 6 

5 . 54E-06 

5.01E-05 

8.45E-05 

3.66E-05 

20 I4F-04 

2 2ZE-04 

5 . m - 0 5  

8.5TE-07 

1.3TE-04 

3.0%-04 

3 8 LE-06 

0.0 

4. LIE-04 

0.0 

4.34E-04 

5.57E-05 

8.96E-05 

7.30E-04 

1.10E-05 

9.64E-06 

I. 18E-04 

6 94E-06 

3.7lE-05 

TOTAL 
BOOV 

4. S4E-06 

1.23E-OS 

L . O Z E - 0 5  

6.63E-05 

1.12E-04 

4.76 E-05 

2.6TE-04 

2.92E-04 

7.33E-05 

4.97E-06 

1. 84E-04 

4.OOE-04 

6.97E-06 

0.0 

5 4 3E-04 

0.0 

5. 67E-04 

6.96E-05 

1.24E-04 

1.04E-04 

1.72E-05 

1. S4E-05 

L.55E-04 

9.4OE-06 

4.97E-05 



I 
m m  WSE-RATE ~ V E U S I O N  FACTORS FOR VARIOUS ORGANS FOR EXPOSURE I M aawE CONTAMINATED CROUYO smFacE 

I - I N  S V I Y R  PER BQ/(SQUARE CHI  

NUCL I OE 

BA-141 

8A-142 

LA-140 

LA-141 

LA-162 

CE-139 

CE-141 

CE-143 

CE-144 

PR-142 

PR-143 

PR-144 

PR-1441y 

NO- 141 

NO-149 

PM-143 

PM-144 

PM-145 

PW-146 

~ m - 1 4 ~  

PW-148 

Pf4-148Y 

PM-149 

PY-15 1 

sn-147 

HALF-4.1 FE 

18-21 M 

10.70 M 

40.22 H 

3.91 H 

95.4 n 

137.66 0 

32.S0 0 

33.0 H 

284.3 0 

19.13 H, 

13.56 0 

17.28 M 

r.2 w 
10.98 0 

1.73 H 

265 0 

363 0 

11.7 Y 

2020 0 

2.6234 Y 

5.37 0 

41.3 0 

53.08 H 

28.40 H 

1.069EL1 Y 

ADREN 4L S 

2.0 5E-04 

2.0 2E -04 

4.8SE-04 

8.61E-06 

5.49E-04 

3.65E-05 

1.86E-05 

6.33E-05 

4.30E-06 

1.16E-05 

2. 1lE-12 

6 . r 4 ~ - 0 6  

1.15E-06 

3.1SE-05 

9.22E-05 

7.OSE-05 

3.67E-04 

3.56E-06 

1.78E-04 

8.6 2E -10 

1.23€+4 

4.73~434 

2.87E-06 

8.11E*S 

0.0 

BLAOOER 

1. PIE-O~ 

1.97E-04 

4.83E-04 

8.64E-06 

s. ~ ~ - 0 4  

3 48E-05 

I .  ~ S E - O S  

6.08E-05 

4.21E-06 

1.17E-05 

2 03 E- 12 

6 . 1 ~ ~ - 0 6  

1. r i  E-06 

3 12E-05 

8.70E-05 

6.94E-05 

3.53E-04 

5.09E-06 

1. 'IOE-O~ 

8.orE-io 
1 21E-04 

4.52E-04 

2.67E-06 

7.68E-05 

0.0 

BRAIN 

2.18E-04 

2 2OE-04 

5.42E-04, 

9. r x - 0 6  

6.20604 

3. so€-05 

1.8 2E-05 

6.46E-05 

4 20E-06 

1.32E-05 

2 . 28E- 12 

7 57E-06 

e. 71x-01 

3 25E-05 

9.38E-05 

7.52E-05 

3.92E-04 

2.95E-06 

1 89E-04 

8.59E-10 

1.36E04 

5.05E-04 

2.91E-06 

8 3 2E-0 5 

0.0 

BREAST 

2 6 7E-04 

2.5'1~-04 

6.11E-04 

1 OIE-0 5 

I.OIE-OC 

6 43 E-05 

3. LO€-05  

9.13E-05 

8.0SE-06 

1.46E-05 

2.59E-12 

8. SZE-06 

5.16E-06 

4.95E-05 

1029E-04 

9 .m-05  

4.64E-04 

1.42E-05 

2.27E-04 

1.44E-09 

1.53E-04 

5.89E-04 

3.84E-06 

1.12E-04 

0.0 

HE ART 

1.93E-04 

1.94E-04 

4.78 E-04 

8.55E-06 

5 SS E-04 

3.22E-05 

i . 6 r ~ - o s  

5.75 E-05 

3.81 E-06 

1 16 E-0 5 

2.00E-12 

6 72E-06 

8 . 2 x - o r  

2.88E-05 

8.39E-05 

6.60E-05 

3.44E-04 

2 72 E-06 

1.66E-04 

1-92 E-1 0 

1 20E-04 

4.44E-04 

2.60 € 4 6  

7.41E-05 

0.0 

SHALL 
INTESTINE 

1. TSE-O) 

i . r 6 ~ - w  

r.'92e-w 

4.4OE-W 

5.15E-04 

2.88E-05 

L.+~E-OS 

5 2lE-05 

3.43E- Ob 

1.08E-05 

I. 80E- u 
6.20E-06 

9 .28~-  or 
2.61 E-05 

7. 53E- 05 

6.OlE-05 

3.10E-05 

2.95E-06 

1. SO€-Ob 

b.85E-10 

I .  10E-04 

4 OOE-04 

2.34E-06 

6.67E-05 

0.0 

UPPER 
LARGE 

INTESTINE 

2.OSE-04 

2.0bE-OI 

5.08E-04 

9.llE-06 

5.90E-04 

3 e 54E-0 5 

1 8 IE-05 

6.19E-05 

6 . m - 0 6  

1 24E-05 

2.12E-12 

r .  ~ - 0 6  

1 31 E-06 

3 l l t - 0 5  

8.96E-05 

7.13E-05 

3.66E-04 

4.00E-06 

1. m - 0 4  

8 5 1E- LO 

1.Z7E-04 

4.71E-04 

2.76E-06 

7.91F-05 

0.0 

LOWER 
LARGE 

INTESTINE 

1.90E-04 

1 90E-04 

4.69E-04 

8.40E-06 

5.45 E-04 

3.23E-05 

1.65E-05 

s.roE-os 
3.82E-06 

1.14E-05 

1.95E-12 

6.60E-06 

9.83E-07 

2.84E-05 

8.29E-05 

6. SO€-05 

3.3TE-04 

3.09E-06 

1.63E-04 

7. TOE-LO 

I. I ~ E - O +  

4.34E-04 

2.58E-06 

7.31 E-05 

0.0 

w 
0-l 
03 



PHOTON DOSE-RATE CONVERSION FACTORS. FOR V A R I O U S  ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATED GROUND SURFACE 
I N  SV/YR PER B Q / ( S W A R E  04) 

NUCLIDE 

~ ~ - 1 4 1  

BA-142 

LA-140 

LA-141 

LA-142 

CE-139 

CE-141 

CE-143 

CE-144 

PR-142 

PR-143 

PR-144 

PR-144Y 

N O - 1 4 7  

NO- 149 

?M-143 

PM-144 

PM-145 

PH-146 

PM-147 

PM-148 

PM-148M 

PW-149 

PH-151 

SP-147 

HALF-LIFE 

18.27 H 

10.70 M 

40.22 H 

3,94 H 

95.4 M 

137.66 0 

32.50 0 

33.0 H 

284.3 0 

19.13 H 

13.56 0 

17.28 H 

7.2 M 

10.98 0 

1.73 H 

265 0 

363 0 

. .'1'7.7 Y 

2020 0 

2.6234 Y 

5.37 0 

41.3 0 

53.08 H 

28.40 H 

1.069ElL Y 

KIDNEYS 

2.05E-04 

2.06E-04 

5.09E-04 

9.10E-06 

5.96E-04 

3.72E-05 

1.81E-05 

6.4ZE-O 5 

4.46E -06 

1.24E-05 

2. lZE-12 

7018E-06 

2.34E-06 

3.30E - 0 5  

9004E-0 5 

7.38E-05 

'3.68E-04 

6.0 65E 4 6  

1.78E 4 4  

8.18E-LO 

1 .27E+4 

~ . I ~ E + X  

Z . I ~ E - O ~  

8. OOE 0 5  

0.0 

LIVER 

1.96E-04 

1.96E-04 

4.83E-04 

8.63E-06 

5.59E-04 

3 38E-0 5 

1.72E-05 

5.97E-05 

4.096-06 

le l7E-05  

2.OtE-12 

6 ;7BE-06 

1 . 3 5 6 0 6  

3.04E-05 

8.61E-05 

6.8OE-05 

3.49E-04 

4..14E-06 

1 69E-04 

'8.05E-LO 

1.2 1E-04 

4 49E-04 

2 6 6 6 0 6  

7 . 6 0 6 0 5  

0.0 

LUNGS 

2.10E-04 

2.09E-04 

5 11E-04 

9.12E-06 

5 87E-04 

3 7 3 6 0 5  

1 90E-05 

6 m45E-05 

4.53E-06 

1.24E-05 

2 15E-1 2 

7 16E-06 

1 52E-06 

3.30E-05 

9.32E-05 

7.29E-05 

3 74E-04 

4.65E-06 

1 8 1E-04 

8.9lE-10 

1.28E-04 

4 8 1 E-04 

2 87E-06 

8 2 1E-0 5 

0.0 

WARROU 

2 45 E-04 

2.326-04 

5.45E-04 

9.53E-06 

60 12E-04 

5.54E-05 

2.89E-05 

8.05E-05 

7.17E-06 

1028E-05 

2 36 E- 12 

7.55E-06 

2.68E-06 

4.35E-05 

1.19E-04 

8 28 E-0 5 

4.22E-04 

'8.23E-06 

2.06E-04 

-1.41E-09 

1.38 E-04 

50 41 E-04 

3. 58E-06 

i. O ~ E - W  

0.0 

REO 
MAR ROW 

2.13E-04 

2.1OE-04 

5.18 E-04 

9.20E-06 

5 99E-04 

3.38E-05 

I. r i  E-o 5 

6 34 E-0 5 

3 75 E-06 

1.25E-0 5 

2.19E-12 

7027E-06 

6.14E-07 

3.02 E-0 5 

9.23E-05 

7.17E-05 

3.79 E-04 

2.02E-06 

1.83E-04 

7.7OE-10 

1.30E-04 

4.90 E-04 

2 e94 E-06 

8.17E-05 

0.0 

O V A R I  ES 

1 83E-04 

1 87E-OQ 

4.53E-04 

8.14E-06 

5.11E-04 

2 e 94E-05 

1 49 E-05 

5.54E-05 

3 51 E-06 

1.09E-05 

1.96E-lZ 

6.30E-06 

1.11E-ofl 

2.81E-05 

7.9lE-05 

6.56E-05 

3.38E-04 

3.39E- 06 

1 62E-06 

6.93E-10 

1. l S E - 0 4  

40 33E-04 

2.45E-06 

7.05E-OS 

0.0 

P ANCR EAS 

1.69E-04 

1.69E-04 

4. LEE-04 

7.48E-06 

4'. 87E-04 

2.77E-05 

1.41E-05 

5.03E-05 

3.22E-06 

I .  02E-05 

1. T4E-12 

5.88E-Ob 

7.33E-07 

2 4TE-0 5 

7.31E-05 

5.75E-05 

3.OOE-04 

2.32E-06 

1.45E-04 

6.52E-10 

1. OS€-04 

3.07E-04 

2 29E-06 

6 . k - 0 5  

0.0 

SUE LE TON 

2.49E-04 

2.366-04 

5.54E-04 

9.69E-06 

6.22E-04 

5 b8E-0 5 

2. 9 x - 0 5  

8.20E-05 

1.366-06 

1 3 1E-05 

2.40E-12 

7.67E-06 

2.74E-06 

4.43E-05 

1.22E-04 

8.42E-05 

6.29E-04 

8.4 1 E-06 

2.09E-04 

1.45E-09 

1.40E-04 

5. 5OE-04 

3.64E-06 

Im OSE-04 

0.0 



WOTm WSE-RATE COMVERS1.a FACTORS FOR VhRIOUS QSWNS FOR EXPOSllRE 1 M ABOVE CONTAMINATE0 GROUND SURFACE 
I N  SV/YR PER BQ/(SQUARE 01) 
, 

NUCLIDE 

EA-141 

e r - w  
LA-140 

LA-141 

LA-142 

CE-139 

CE-14 1 

CE-143 

CE-144 

PR-142 

PR-143 

PR-144 

PR-144M 

NO-147 

NO-149 

PM-143 

CM-144 

‘PM-145 

PM-146 

PM-147 

PM-148 

PM-148M 

PY-149 

PY-151 

SM-147 

HALF -LIFE 

18.27 .M 

10.70 U 

40.22 H 

3.94 H 

95.4 M 

137.66 D 

32.50 0 

33.0 H 

284.3 0 

19.13 H 

13.56 0 

11.28 M 

7.2 M 

10.98 D 

1.73 H 

265 0 

363 0 

17.7 Y 

2020 0 

2.6234 Y 

5 -31  0 

41.3 D 

53.08 H 

28.40 H 

1 .069El l  Y 

SKIN 

3.18E-04 

3. 2OE-04 

7.67E -04  

1 i37E-0  5 

8.64E-04 

6.45E-05 

3.00E-05 

1.05E-04 

7.74E-06 

1.84E-05 

3.31E-12 

1.07E -05  

5.43E-06 

5.5 1E-05 

1.45E-04 

1.19E-04 

5.82E-04 

1.45E -0 5 

2.8 ZE-04 

1.34E-09 

1.94E-04 

7 :39E -0 4 

4.38E-06 

1.28E-04 

0.0 

SPLEEN 

1.91E-04 

1 90 E-04 

4.66 E-04 

8.33E-06 

5.37E-04 

3 32E-05 

1. TOE05  

5 80E-0 5 

3 98E-06 

1 13E-0 5 

1 96 E-12 

6 . 5 2 E 0 6  

1.05E-06 

2 92E-0 5 

8.44E-05 

6 . 5 3 E 0 5  

3.39E-04 

3 e 31  E-06 

1. 64E-04 

8.00E-10 

l o l l € - 0 4  

4.37E-04 

2 6 2 E 0 6  

7.43E-05 

0.0 

STOMACH 

t.93E-04 

1.93E-04 

4.72E-04 

8.41 E-06 

5.50E-04 

3 32E-05 

1 .TOE-05 

5 86E-05 

3.99E-06 

!I 14E-05 

1.99E-12 

6..65 E-06 

1 16E-06 

2 96E-05 

8.48E-05 

6 68E-05 

3.45E-04 

3.62E-06 

1 67 E-04 

7.95E-10 

1 19E-04 

4.44E-04 

2.62E-06 

7.48E-05 

0.0 

TESTES 

2. 8 lE -04  

2. 78E-04 

6.71E-04 

l e  19E-05 

7.66 E-04 

5.58E-05 

Z e n € - 0 5  

9 06E-05 

6.84E-06 

.I 6 1  E-05 

2.86E-12 

9.36E-06 

3.68E-06 

4 76E-0 5 

1.28E-04 

1.01E-04 

5. (HE-04 

1 04E-0 5 

2.44E-04 

1 2 6 E 0 9  

1.69E-04 

6.43E-04 

3.89E-06 

l.13E-04 

0.0 

THY MUS 

2.18E-04 

2.20E-04 

5.29E-04 

9 54 E -0 6 

6.03E-0 4 

4.06 E-0 5 

2.06E-05 

6.79E-05 

5.08 E-0 6 

1.28 E-0 5 

2.25E-12 

7.3 6 E -06 

2.14E-06 

3.55E-05 

9.74E-05 

7.76E-05 

3.88E-04 

6.46E-06 

1.88E-04 

9.7 1 E-10 

1.34E-04 

4.97E-04 

2.95 E-0 6 

8.57E-05 

0.0 

THYROID 

2.656-04 

2.64E-04 

6.29E-01 

1.13E-05 

7.06E-01 

5.26E- 05 

2 65 E-05 

8.43E-05 

6.57E-06 

1 5 LE-05 

2.7lE-12 

8. TOE-06 

2.94E-06 

4.43E-05 

1 2 LE-04 

9.43E-05 

4. 7lE-04 

8.65E-06 

2 29E-OQ 

1.25E-09 

1.6OE-OQ 

6.03E-04 

3.66E-Ob 

1 06E-OQ 

0.0  

UTERUS 

1 T3E-04 

1 72E-04 

4.29E-04 

7.69E-06 

4.99E-04 

2 89E-05 

1.49E-05 

5.15E-05 

3.45E-06 

1 05E-05 

1. 75E -1 2 

6.04E-06 

7.94E-07 

2.58E-05 

7.51E-05 

S.82E-05 

3.03E-04 

2 63E-0 6 

1.47.E-04 

7 .  OOE-LO 

1.OTE-04 

3.92E-04 

2.34E-06 

6.62F-05 

0.0 

TOTAL 
BODY 

2.24E-04 

2.23E-04 

5.42E-04 

9.66E-06 

‘6.21E-04 

4.26E-05 

2.1lE-05 

7.10E-05 

5.19E-06 

1.31E-05 

2.30E-.12 

7.58E-06 

2.44E-06 

3.68E-05 

1.OlE-04 

7.98E-05 

4.02E-04 

7.02E-06 

1.95E-04 

9.77E- LO 

1.37E-04 

5.14E-04 

3.OBE-06 

8.90E-0 5 

0.0 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATE0 GROUYO SURFACE 
I N  SV/YR PER BQ/(SQUARE C W I  

NUCCI OE 

SM-151 

94-153 

ELI-152 

EU-ISZM 

EU-154 

EU-155 

EU-156 

GO-152 

GO-153 

GB-159 

GO-162 

18-15? 

TB-160 

TB-I62 

OY-15 7.' 

O Y - 1 6 5  

OY-166 

HO- 16 6 

HO-166M 

ER-169 

ER-171 

TM- 170 

W-171 

VB-169 

Ye-175 

HALF-LIFE 

90 Y 

46.7 H 

13.6 7 

9.32 H 

8.8 Y 

4.96 V 

15.19 D 

1.1E14 Y 

241.6 0 

18.56 H 

9.7 M 

150 Y 

72.3 0 

7.76 M 

8.06 H 

2.334 H 

81.6 H 

26.80 H 

1.2OE3 Y 

9.40 0 

7.52 H 

128.6 0 

1.92 Y 

31.97 0 

4.19 0 

ADR E N AL S 

3.14E-10 

1.21E-05 

2.53E-04 

7.15E-05 

2.77E-04 

1.33E-05 

2.846-04 

0.0 

2.10E-05 

9.24E-06 

1.03E-04 

6.04E-0 7 

2.43E-04 

2.59E-04 

8;39E-05 

5.80E-06 

7.32E-06 

5.75E-06 

3 8 O E  -04 

4. SO€-10 

9.11E-05 

1.07E-06 

1.22E-07 

6.92E-05 

9.63E-06 

BLADOER 

1.65E- 10 

1 34E-05 

2.48E-04 

7.OlE-05 

Z.7LE-04 

1.37E-05 

2 e85E-04 

0.0 

2.37E-05 

9.05E-06 

9. 7OE-05 

8.26E-07 

2 . 3 7 6 0 4  

2.48E-04 

Te99E-05 

5.75 E-06 

8.3 1 E-06 

6. OOE-CM 

3.63E-04 

3.69E-LO 

8.55E-05 

1.17E06 

1 e 4 4 6 0 7  

6.97E-05 

9.06E-06 

BRAIN 

9.36E-11 

1 LIE-05 

2 75E-04 

7.75E-05 

3 03 E-04 

1 34E-05 

3.19E-04 

0.0 

2.02E-05 

9.346-06 

1.07E-06 

5.456-07 

2.65E-04 

2.76E-04 

8.43 E-05 

6 O4E-06 

7.37E-06 

6 . 3 0 ~ - 0 6  

4.03E-04 

3.95E-10 

9.18E-05 

I-llE-06 

1 26E-07 

6 90E-05 

9.82E-06 

BREAST 

5. ME-09  

2.88E-05 

3.29E-04 

9.27E-05 

3.50E-04 

2.74E-05 

3.59E-04 

0.0 

5.24E -05 

1.44E-05 

1 . 3 3 6 0 4  

2.27E-06 

30 O7E-04 

3.30E-04 

1.23E-04 

9.09E-06 

1.82E-05 

9.65 E-06 

4.87E-04 

5.37E-09 

1 31 E-04 

2.  S I€ -06  

3.36E-07 

1.32E-04 

1.34E-05 

HE ART 

I.  to€-10 

1 07 E-0 5 

2.42E-04 

6.82 E-0 5 

2.6 7 E -0 4 

1 2 2E-0 5 

2 82 E-04 

0.0 

1 85 E-05 

8 3 1 E -0 6 

9.45E-0 5 

4.93E-07 

2.33E-04 

2.Q4E-04 

7.53 E-0 5 

5.35E-06 

6 m60 E-0 6 

5.57E-06 

3.56 E-04 

3.67E-LO 

8.23E-0 5 

9 96  E-0 7 

1 12 € 4 7  

6.24E-05 

8.75 E-06 

SMAL L 
INTEST !NE 

8.34E-11 

9 9lE-06 

2 2lE-04 

6.20E-05 

2.43E-04 

1 09E-05 

2.60E-04 

0.0 

1 72E-05 

7. 58E-06 

8.49E-05. 

5.15E-07 

2.12E-04 

2 20E-04 

6.82E-05 

4.85E-06 

6.17E-06 

5. 14E-06 

3.21E-04 

3.10E-10 

7.38E-05 

9.OlE-07 

1 OS€-07 

5 64E-05 

7.85E-06 

UPPER 
LARGE 

INTESTINE 

Z.72E-10 

1.25E-05 

Z.59E-04 

7.30E-05 

2.84E-04 

I .  35E-05 

3 OOE-04 

0 . 0  

2. L9E-05 

9.00E-06 

1 OOE-04 

6.57E-07 

2 48E-04 

2.59E-04 

6.08E-05 

5.79E-Ob 

7.51E-06 

6.02E-06 

3.78E-04 

3. 8eE-10 

8.7bE-05 

1.09E-06 

1 2SE-07 

6.77E-05 

9 30E-06 

LOWER 
LARGE 

INTESTINE 

2.21 E-10 

1.08E-05 

2 . 3  BE-04 

6.69E-05 

2.6 1E-04 

I. 19E-05 

2.76E-04 

0.0 

1.87E-05 

8.27E-06 

9.30E-05 

5 3 0 E-0 7 

2.29E-04 

2.39E-04 

7.49E-05 

5.27E-06 

6.55E-06 

5. 46€-06 

3.4%-04 

3.73t-10 

8.14E-05 

9.64E-0 7 

1. LO€-07 

6.16E-05 

8.63E-06 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE 
I N  SV/YR PER BO/(SQUARE Cnl 

NUCLIDE 

SM-1-151 

SM-153 

EU-152 

EU-152Y 

EU-154 

EU-155 

EU-156 

GO-152 

GO-153 

GO-159 

GO-162 

18-157 

18-160 

16-162 

DY-157 

DY-165 

OY-166 

HO-166 

HO-16 64 

ER-169 

Ea-171 

TM-170 

TM-171 

Y8-169 

YE-175 

HALF-L I FE 

90 Y. 

46.7 H 

13.6 Y 

9.32 H 

8.8 Y 

4.96 Y 

15.19 0. 

l e l E 1 4  Y 

241.6 0 

18.56 H 

9.7 M 

150 Y 

72.3 0 

7.76  M 

8.06 H 

2.334 H 

81.6 H 

26.80 H 

1.20E3 Y 

9.40 0 

7.52 H 

128.6 0 

1.92 Y 

31.97 0 

4.19 0 

KIONEYS 

4:l IE-lO 

1.48E-05 

2.61E-04 

7.38E-05 

2.84E-04 

1 e44E-05 

3.01E-04 

0.0 

2.66E-05 

9.59E -06  

1.01E-04 

1.01E-06 

2.48E-04 

2.59E -04 

8.37E-05 

6.07E-06 

9.17E-06 

6.38E-06 

3.78E -04 

3 .W-10  

8.87E-05 

1.2+E-06 

1.58E-07 

7.37E-05 

9.38E-06 

LIVEP 

1.41 E- 10 

1.25E-05 

2.46 E-04 

6.93 E-05 

2.69E-04 

1.33E-05 

2.84E-04 

0.0 

2 1 9  E-0 5 

8.84E-06 

9.64E-05 

7.1 1 E-0 7 

2.36 E- 0 4  

2.47E-04 

7.87E-05 

5.65E-06 

7.90E-06 

5.92E-06 

3.61E-04 

3.6 8E- LO 

8.49E-05 

1. L4E-06 

1.38E-07 

6.83E-OS 

9. WE-06 

LUNGS 

3.6 8E-1 0 

1 39E-05 

2.63E-04 

7.40E-05 

2,87E-O4 

l.48E-05 

3 .OlE-04 

0.0 

2.43E-05 

9.58E-Ob 

1 04E-04 

7.91E-07 

2.51E-04 

2.64E-04 

8.51E-05 

6.12E-Ob 

8.74E-06 

6 38E-06 

3.87E-04 

4.55€-LO 

9.2 LE-05 

1.27E-06 

1 54E-07 

7. 5 2E-05 

9.73E-06 

MARROW 

5.29E- 10 

2.35E-05 

te94E-04 

8.26E-05 

30 L6E-04 

2. S O € - 0 5  

3.19E-04 

0.0 

4. L I E - 0 5  

1.26E-0 5 

1.23 E-04 

1.42 E-06 

2.78E-04 

3.03E-04 

1.llE-04 

8 09 E-06 

1.49E-05 

8.39E-06 

4 . 4 7 6 0 4  

6.89E- 10 

1 22 6 0 4  

2. U E - 0 6  

2 77E-07 

1.18E-04 

1.256-05 

REO 
MARROW 

1.26E-10 

9.2 1 E-0 6 

2.62E-04 

7.35E-05 

2.88E-04 

1.05E-0 5 

3 O4E-0 4 

0.0 

1 55 E-05 

8.99E-06 

1.07E-04 

3.69E-0 7 

2.53E-04 

2.67E-04 

8.35 E-0 5 

5.53E-06 

5 33 E-0 6 

5.42E-06 

3.90 E-04 

3. S4E-10 

9.03E-05 

7.78E-0 7 

7.95 E-0 8 

5.95E-05 

9.66E-06 

CONTAMINATED GROUNO 

O V A R I  ES 

2 -4OE- 10 

I. 05 E- os 

2.33E-05 

6.6  5E-05 

2. STE-04 

I .  12E-05 

2.67E-04 

0.0 

1 83E-05 

8.06E-06 

9.11E-05 

5.74E-07 

2.25E-OQ 

2.35E-01 

7.17E-05 

5.20E-06 

6.58E-06 

5.32E-06 

3.44E- 04 

3 39E- 10 

7.  TOE-05 

9.4OE-07 

1. 12E-07 

5.84E-05 

8.28E-06 

PANCREAS 

1.92E-LO 

8.68E-06 

2.11F-04 

5.9lE-05 

2 3ZE-04 

9.69E-06 

2.46E-04 

0.0 

1 49E-05 

7.22E-Ob 

8.30E-05 

3.97E-07 

2.03E-04 

2.12E-04 

6.60E-05 

4.56E-Ob 

5.19E-06 

4.67E-06 

3.09E-04 

3.28E-10 

7.16E-05 

7.62E-07 

8 40E-08 

5.15E-05 

7.6ZE-Ob 

SURFACE 

SKELETON 

6.1ZE-10 

2.4lE-05 

2.99E-04 

8.4OE-05 

3.22E-04 

2.576-05 

3.24E-04 

0.0 

4.28E-05 

1.29E-05 

1.25E-04 

1.456-06 

2.83E-04 

3.08E-04 

1.13E-04 

8.26E-06 

1.53E-05 

8.57E-06 

4.55E-04 

7.57E-10 

1.24E-04 

2.28E-06 

2.84E-07 

1.2 1 E-04 

1.27E-05 



PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAWNATEO GROUNO SURFACE 
I N  SV/YR PER BO/(SOUARE C M l  

NUCLI OE 

SM-151 

SM-153 

EU-152 

EU-152Y 

EU-154 

EU-155 

EU-156 

GO-152 

GO-153 

GO-159 

GO-16 2 

18-IS7 

18-160 

18-162 

or-157 

OY- 16 5 

OY-166 

HO-166 

HO-166M 

ER-169 

ER-171 

TM-170 

TM-171 

YB-169 

YB-175 

HALF-LIFE 

90  Y 

46.7 H 

13.6 r 
9.32 H 

8.8 Y 

4.96 Y 

15.19 0 

1.1E14 Y 

241.6 0 

18.56 H 

9.7 M 

150 Y 

72.3 0 

7.76 M 

'8.06 H 

2.334 H 

81.6 H 

26.80 H 

1.20E3 Y 

9.40 0 

7e.52 H 

128.6 0 

1.92 Y 

31.97 0 

4.19 0 

SKIN 

7.77E-09 

2.75E-05 

4.06E-04 

1.16'2-04 

4.39E-04 

2.54E-05 

4.52E-04 

0.0 

5.02E-05 

1.6 L E 4 5  

1.59E-04 

2.42E-06 

3.85E-04 

4.05E-04 

1.37E-04 

1.01E-05 

1.78E-05 

1.07E-05 

5.95E-04 

1.06E-08 

1.44E-04 

2.44E-06 

3.2 3E 4 7 

1 . 3 0 E 4 4  

1. SlE-05 

SPLEEN. 

1.92E-10 

1 14E-05 

2.38E-04 

6.69E-05 

2.6 LE-04 

1.26E-05 

2.74E-04 

0.0 

1 98E-05 

8.48E-06 

9.45E-05 

5.75E-07 

2.28E-04 

2 4OE-04 

7 66E-0 5 

5 0 40 E-0 6 

7.01E-06 

5.57E-06 

3.51E-04 

3 TTE- 10 

8 0.33E- 0 5 

1. W E 0 6  

1.19E-07 

6 . 4 5 E 0 5  

8.81E-06 

STOMACH 

2r18E-10 

1 17E-05 

2.4lE-04 

6 82E-05 

2.656-04 

1 2 8E-05 

2.79E-04 

0 .o 

2 04E-05 

8.58E-06 

9.51E-05 

6 22E-07 

2 .32E-04 

Z.44E-04 

7 .  TOE-05 

5.49E-06 

7.29E-06 

5 067 E-06 

3.56E-04 

3 74E-10 

'8.34E-05 

1.06E-06 

1 25 E-0 7 

6 54E-05 

8 85 E-06 

TESTES 

1 77E-09 

2 33 E-05 

3.53E-04 

9. *E-05 

3 82 E-04 

2.28E-05 

3.95 E-04 

0.0 

4.19E-05 

1.38E-05 

1. QOE-W 

1.62E-06 

3.34E-04 

3.53E-04 

1 20 E-04 

8.78E-06 

1.4TE-05 

9.15E-06 

5.19E-04 

1.02 E-09 

. l e  28E-04 

2.OtE-06 

2.63E-07 

1.14E-04 
\ 

L.34E-OS 

THV MUS 

1.54E-10 

1.68E-0 5 

2.71E-04 

7.88 E - 0  5 

3 -03  E-04 

1 7 2  E-0 5 

3.13E-04 

0.0 

2.99E-05 

1.02 E-0 5 

1.05E-04 

1.08E-06 

2.65 E-0 4 

2.78E-04 

8 -93  E-0 5 

6.64 E-0 6 

1 07  E-0 5 

7.07E-06 

4 0 5 E -0 4 

4.49 E-1 0 

9.63 E-O 5 

1 52 E-06 

1 9 1 E-0 7 

8.50E-05 

1.0 1 E-0 5 

THYRO I O  

7.14E-10 

2.18E-05 

3.34E-09 

9.48E-05 

3.63E-06. 

2 2 2E-05 

3.71E-Oe 

0.0 

3.89E-05 

1 28E-05 

1 30E-04 

1 41 E-06 

*3.18E-04 

3.36E-04 

1. L2E-06 

8.27E-06 

1.38E-05 

8.68E-06 

4.92E-04 

6. LO€-LO 

1.21E-04 

1 96E-06 

2 48E- 07 

1 09E-0) 

1 25E-05 

UTERUS 

1 99E-11 

9. 73E-06 

2. 15E-04' 

6.00E-05 

2 36E-04 

1.09E-05 

2 SZE-04 

0.0 

1.68E-05 

7. 50E-06 

8 45E-05 

4r72E-07 

2.06E-OQ 

2 156-04 

6 .  BO€-05 

4.76E-06 

5.97E-06 

SO OLE-06 

3.14E-04 

3.16E-10 

7.39E-05 

8.8 TE-07 

9.99E-08 

5.59E-05 

7.84E-06 

TOTAL 
BOOY 

1.33E-09 

1. TOE-05 

2.82E-04 

7.97E-05 . 

3.07E-04 

1.7lE-05 

3.19E-04 

0.0 

3.03E-05'  . 

1.07E-05 

1.11E-04 

1.12E-06 

2.68E-04 

2.83E-04 , 

9 36E-05 

6.81 E-06 

1.07E-05 

7.1 LE-06 

4.1%-04 

1.OSE-09 

1.00E-04 

1. S O € - 0 6  

1.90E-07 

8 63E-0 5 

1 0 5 E-05 

w 
U 
w 



PHOTCW OOSE-RATE aNVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATE0 GROUNO SURFACE 
I N  SVIYR PER BQ/(SOUARE CHI 

-- . 
NUCC I DE 

CU-177 

LU-17Tq 

HF-181 

TA-182 

w-181 

w-185 

W-187 

w-188 

RE-182 

RE-182M 

RE-183 

RE-184 

R E-1 84M 

RE-186 

RE-18T 

RE-186 

OS-185 

05-186 

OS-19OM 

OS-191 

OS-191 M 

OS-193 

IR-190 

1R-190M 

lR-190M 

HALF-LIFE 

6.71 D 

160.10 0 

42.39 0 

114.74 0 

120.95 0 

75.1 0 

23983 H 

69.4 0 

64.0 H 

12.T H 

70 0 

38.0 0 

169 0 

90.64 H 

4.TElO Y 

16.98 H 

93.6 0 

2.OE15 Y 

9.9 N 

15.4 0 

13.03 H 

30.0 H 

11.78 0 

1.2 H 

3.2 H 

ADRENALS 

8.56E-06 

2.42E-04 

1.31E-04 

2.77E-04 

7 4 5 E - 0  6 

6.60E-09 

1 . 1 3 E 9 4  

4.39E -01 

3.85E-04 

2.55E-04 

3 . 3 8 E 4 5  

2.06EQ4 

8 .99E65  

40 81E-06 

0.0 

1.38E65 

1.66E-04 

0.0 

3.84E-04 

1.61E-05 

9.35E-07 

1.60E-05 

3.35E -04 

l . l lE-08  

9.56E-06 

8LAOOEU 

8.02E-06 

2 27E-04 

1 2 4 6 0 4  

2 WE-04 

8. SEE-06 

6.15E-09 

1.09E-04 

4 Ob E-07 

3 T7E-04 

2 SI€-04 

3.46E-05 

2.01E-04 

8. T4E-05 

4.70E-06 

0 .0  

1.32E-05 

1.61E-04 

0 .0  

3.63E-04 

1.63E-05 

1.03E-06 

1.54E-05 

3 19E-04 

1.29E-12 

1.07E-05 

BR A I  N 
1 .  

8.43E-06 

2.43E-04 

1.37E-04 

3 0 06 E-04 

7.8lE-06 

6 56E-09 

1.ZOE-04 

4.37E-07 

4.lSE-04 

2 .82E-04 

3 A3E-05 

2.23E-04 

9 47 E-0 5 

4.8SE-06 

0.0 

1 44E-05 

1 78E-04 

0 .o 

4.02E-04 

1.65E-05 

9.82E-07 

1.66E-05 

3.52E-04 

8.88E-10 

1.01 E-05 

BREAST 

1: 36E-05 

3 56E-04 

1.77E-04 

3.60E-04 

1 .  %E-05 

1 .09~-08  

1.47E-04 

6.18E-07 

5.28E-04 

3.41 E-04 

6.76E-05 

2.68E-04 

1.31E-04 

8.80E-06 

0.0 

1 e 97 E-05 

2.16E-04 

0.0 

4.96E-04 

3.28E-05 

2.98E-06 

2.37E-05 

4.42E-04 

8.72E-07 

2 33E-05 

. *  

HEART 

7.68 ET.o 6 

2.19E-04 

1.2 1E-04 

2969E-04 

6.92E-06 

6.05 6 0 9  

1 06 E-04 

3.94 E-0 7 

3.67E-04 

2 -48 E-04 

3 09 E-0 5 

1 e96 E-04 

8.40E-O 5 

4942E-06 

0.0 

1 29 E-0 5 

1.56E-04 

0.0 

3.55E-04 

1 49 E-0 5 

8.73 E-0 7 

1.47E-05 

3.11 E-04 

1.45E-09 

9.ODE-06 

SMALL 
INTESTINE 

6.84E-06 

1.96E-04 

1.08E-04 

2.4tE-OQ 

6.4ZE-W 

5 23E-09 

9.53E-05 

3 53E-07 

, .  

3.3% -.04 

2.27E-04 

2.79E-05 

1 78E-04 

7 59E-05 

3 90E- 06 

0.0 

1.15E-05 

1.41E-04 

0.0 

3 19E-OI 

1.32E-05 

7.95E-0T 

L.32E-05 

2.80E-04 

1.93E-11 

8.2lE-06 

UPPER 
LARGE 

I N  TEST I NE 

8.20E-06 

2.33E-04 

1 26E-04 

2.8TE-04 

7.61 E-06 

6 49E-09 

1 1ZE-04 

4. 17E-07 

3.9lE-04 

2.64E-04 

3. 34E-05 

2 09E-04 

8.96E-05 

4. 7SE-06 

0.0 

1.3 7E-0 5 

1.66E-04 

0.0 

3.76E-04 

1.60E-05 

9.42E-OT 

1 57E-05 

3 30E-04 

2 90E-11 

9.73E-06 

LOWER 
LARGE 

INTESTINE 

I .  6 0 E-06 

2.16E-04 

1 19E-04 

2.64E-04 

6.7lE-06 

5.89E-09 

1.03E-04 

3.91E-07 

3.60E-04 

2.43E-04 

3.02E-05 

I. 9 ZE-04 

8.24E-05 

4.30E-06 

0.0 

1.26E-05 

1.53E-04 

0.0 

3.48E-04 

l.44E-05 

8.39E-07 

1 44E-05 

3.05E-04 

4.57E-09 

8.6 3E-06 

W 
U 
.e 



I .  -- 
U -- 

PHOTON OOSE-RATE CONVERSION FACTORS FOR V A R I W S  ORGANS FOR EXPOSURE 1 H ABOVE CONTAMINATE0 GROUNO SURFACE 
IN s v m  PER B Q ~ ~ S Q U A R E  Q C ~  

NUCLIOE 

LU-177 

LU-17IY 

n F i e i  
14-182 

W-181 

W-185 

W-187 

W-188 

RE-182 

RE-182M 

~ ~ - 1 8 3  

~ ~ - 1 8 4  

R E-1 8 4q 

RE-186 

~ ~ - 1 8 7  

aE-188 

US-185 

OS-186 

0 S-1901 

05-191 

OS-191M 

OS-193 

111-190 

1a-190~ 

1a-190~ 

HALF-LIFE 

6.71 0 

160.10 0 

42.39 0 

114.74 0 

120.95 0 

75.1 0 

23.83 n 

69.4 0 

64.0 n 

12.7 H 

70 0 

38.0 0 

169 0 

90.64 H 

4.7ElO Y 

16.98 H 

93.6 0 

2.OEl5 Y 

9.9 M 

15.4 0 

13.03 H 

30.0 n 

11.78 0 

1.2 n 

3.2 n 

KIONEYS 

8.27E-06 

2.35E-04 

1.29E-04 

2.88E-04 

9026E-06 

6.23E-09 

1.13E-04 

4.19E-07 

3.94E-04 

2.6TE-04 

3 -63E-0 5 

2.10E-04 

9.12E-05 

4.84E -06 

0.0 

1036E-05 

1.68E-04 

0.0 

3.76E-04 

1.68E-05 

1 09E-06 

I. 59E-05 

3.31E-01 

1.5TE-11 

1.13E-05 

6 

LI vEa 

7 97E-06 

2.26E-04 

1 24E-04 

2 73 E-04 

8.33E-06 

6.14E-09 

1.08E-04 

4. WE-07 

3.75E-04 

20 53E-04 

3 4OE-05 

1.99E-04 

0 .  b7E-05 

4.66EO6 

0.0 

1.31 E-0 5 

1.59E-04 

0.0 

3 61  E-04 

1.61E-05 

1 0 1 E-06 

1 ;53E-05 

3.lTE-04 

1 09E-10 

' - .  . I  

LUNGS 

8.72E-06 

2.46E-04 

1 33E-04 

2.91E-04 

9.23E-06 

60 78E-09 

1.16E-04 

4.38E-07 

4 .O2E-04 

2 69E-04 

3 74E-05 

2.13E-04 

9.36E-05 

5 14E-06 

0.0 

1 e42E-05 

1 71 E-04 

0.0 

3.88E-04 

1 78E-05 

1 13E-06 

I 65E-05 

3 41E-04 

8 81 E-09 

r . 

1.05E-05 1 16E-05 

MARROW 

1.28E-05 

3.32E-04 

1.65E-04 

3.25E-04 

1.66E-05 

1 07 E-08 

1.36E-OI 

5.78E-Of 

4.79504 

30 Ob€-04 

6.05E-05 

2 43 E-04 

1.19E-04 

8.23E-06 

0.0 

1.84E-05 

I. 98E-04 

0.0 

4.6OE-04 

2.98E-05 

2.00E-06 

2.19E-05 

4.08E-04 

5.29E- 09 

2.06E-05 

a €0 

a. o 7 E-o 6 

MARRM 

2 38 E-0 4 

1 33E-04 

2. 8TE-04 

4.99E-06 

5.94E-09 

1 15 E-04 

4.41E-07 

3.90E-04 

2 -6 1 E-04 

2.8 1 E-05 

2.09E-04 

8.82E-05 

4.15E-06 

0.0 

1 36 E-05 

1 69 E-0 4 

Q. 0 

3.95E-04 

1.30E7O 5 . .  
6.48E-0 7 

10 56 E-0 5 

3.42E-04 

2.89E-09 

6.66E-0 6 

OVARI ES 

6-93? -06 

2.03E-04 

1 16E-06 

2.58E-04 

6.76E-06 

5.29E-09 

1 03E-04 

3 63E- 07 

3.48E-04 

2.38E-04 

2.87E-OS 

1.91E-04 

8.01E-05 

3.97E- 06 

0.0 

1 2OE-05 

1.53E-00 

0.0 

3.42E-01 

1 e, 3 5E-05 

8.29E-01 

1.4OE-05 

3.00E-04 

4. 36E- W 

. .  

P ANCR E A S  

6 .  S6E-06 

l o  89E-04 

1 O5E-04 

2 33E-04 

5.17E-06 

S OM-09 

9.M-05 

3.45E-07 

3 l7E-04 

2.14E-04 

2.49E-05 

1.69E-04 

7.18E-05 

3 59E-06 

0.0 

1. IO€-05 

1 35E-04 

0.0 

3.10E-04 

1.18E-05 

6.56E-07 

1 26E-05 

2.7OE-0+ 

6 OSLE-09 

SKELETON 

1.31E-05 

3.39E-04 

1.68E-04 

3.30E-04 

l.7OE-05 

1.10E-08 

1.38E-04 

5.90E-07 

4.89E-04 

3.12E-04 

6.2OE-05 

2.48E-04 

l.2lE-04 

8.4bE-06 

0.0 

1.88E-05 

2.01E-04 

0.0 

4.67E-04 

3.06E-05 

2.06E-06 

2 24 E-05 

4.15E-04 

1.43E-08 

2.12E-05 



PHOTON DOSE-UATE CONVERSION FACTORS FOR VARIOUS ORGAYS FOR EXPOSURE L M ABOVE CONTAMINATED wouno 
I N  S V R R  PER BO/(SOUARE CMB 

NUCCI OE 

LU-177 

LU-177H 

HF-181 

TA-182 

Y-181 

w-185 

W- I87 

w-188 

RE-182 

RE- 18 2M 

RE-183 

RE-1  84 

RE-1 84M 

RE-186 

RE-187 

R e t 8 8  

os-189 

OS-1 86 

0 S- 19 OM 

CS-19 1 

OS-391M 

OS-193 

IR-190 

1R-190M 

IR-190W 

HALF-LIFE 

6.71 0 

160.10 0 

42.39 0 

114.74 0 

120.95 0 

75.1 0 

23.83 H 

69.4 0 

64.0 H 

12.7 H 

70 0 

38.0 0 

169 0 

90.64 n 

4.7ElO Y 

16.98 H 

93.6 0 

2.OE15 Y 

9.9 M 

15.4 0 

13-03 H 

30.0 H 

11.78 0 

1.2 H 

3.2 H 

S K I N  

1 3 7E-0 5 

3.82E-04 

2.06E-04 

4.46E-04 

1.86E-05 

1.02E-08 

1.8OE-04 

6.73E-07 

6.22E-04 

4.17E-04 

6.67E-05 

3.33E-04 

1 49E-0 4 

8 48E-06 

0.0 

2.18E-05 

2.67E-04 

0.0 

5.97E-04 

3.23E-05 

3.71E-06 

2.65E-05 

5.27E-04 

1.86E-06 

2.23E-05 

SPLEEN 

7.83E-06 

2 22 E-04 

1.21 E-04 

2.64E-04 

7 29E-06 

6 ll E-09 

1.05 Ea04 

3.99E-07 

3 63E-04 

2.43E-04 

3 19E-05 

1 92 E-04 

8 3 7 E- 0 5 

4. 50E-06 

0.0 

1.28E-05 

1 . 5 4 E 0 4  

0.0 

3.53E-04 

1 5 2 6 0 5  

9 07EyO 7 

1.48E-05 

3 09E-04 

2 51E-09 

9.35E-06 

STOMACH 

7.81E-06 

2 2 2E-04 

1 -22E-04 

2.67E-04 

7.6OE-06 

6 0 TE-09 

1 06 E-04 

3 98 E-07 

3 67E-04 

2.47E-04 

3 2 4E-05 

I 96 E-04 

8.49 E-05 

i.52E-06 

0.0 

1.29E-05 

1.57E-04 

0.0 

3.56E-04 

1 54E-05 

9.37E-07 

1 49E-05 

30 12E-04 

2.27E-09 

9 066E-06 

TESTES 

1m23E-05 

3.41E-04 

1.82E-04 

3.88E-04 

1.53 E-05 

9.55 E-09 

1.56E-04 

5. WE-07 

5.44E-04 

3 62 E-04 

5 68E-0 5 

2.87E-04 

1.29E-04 

7.51 E-06 

0.0 

1.94E-05 

2.3lE-04 

0.0 

5.22E-04 

2.67E-05 

1.86E-06 

2.30E-05 

4. b2E-04 

8.08E-08 

1. 85E-os 

THY MUS 

9 36 E-06 

2.58E-04 

1 3 7 E -0 4 

3.09E-04 

1 14E-0 5 

7.37E-09 

1.2lE-04 

4. 54E-07 

4.27E-04 

2 8 7 E-0 4 

4.2 9 E-0 5 

2.27E-04 

1.00 E -0 4 

5.76E-06 

0.0 

1 30E-0 5 

1.79E-04 

0.0 

3.98E-04 

2 05 E-0 5 

1 37 E-0 6 

1.75E-05 

3.53E-04 

3.11E-12 

1-41 E-05 

T W R O I O  

1.19E-05 

3.24E-04 

1. 7OE-OS 

3.7OE-OS 

1 47E-05 

9.48E-09 

1.47E-04 

5.69E-07 

5.19E-OS 

3.45E-04 

5 48E-05 

2.74E-00 

1.24E-04 

7.37E-06 

0.0 

1.86E-05 

2.18E-04 

0.0 

4.89E-05 

2 62E-05 

1.75E-06 

2.17E-05 

4.33E-OI 

5.57E-09 

1.80E-0s 

UTERUS 

6.9lE-06 

1.97E-04 

1 08E-04 

2.39E-04 

6.21E-06 

5.35E-09 

9.34E -05 

3.55E-07 

3.28E-04 

2.2 lE-04 

2 TEE-05  

1 72E-04 

7.45E-05 

3.94E-06 

0.0 

1 l4E-05 

1.38E-04 

0.0 

3.15E-04 

1.33E-05 

7.84E-07 

1 32E-05 

2.76E-04 

I .O8E-12 

8.09E-06 

SURF ACE 

TOTAL 
BODY 

9.586-06 

2.67E-04 

1.44E-04 

3.11E-04 

1.12E-05 

7.43E-09 

1.24E-04 

4.73E-07 

4.33E-04 

2.89E-04 

4.29E-05 

2.29E-04 

1.02E-04 

5.76E-06 

0.0 

1.53E-05 

1.84E-04 

0.0 

4. I6E-04 

2.03E-05 

1-42  E-06 

1.80E-05 

3.67E-04 

1.11E-07 

1.3 7E-0 5 



PHOTQN DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATED GQOUNO SURFACE 
I N  S V l Y R  PER BWtSQUARE C M I  

NUCLIDE 

I R - 1 9 2  

IR-193M 

1R-194 

1 R-194M 

PT-19 1 

PI-193 

PT-193 M 

PT-195M 

PT-197 

P I -  19 7M 

AU-194 

AU-195 

AU-195M 

AU-196 

AU-198 

AU-199 

HG-197 

HG-197M 

HG-203 

TL-200 

TL-20 1 

TL-202 

71-204 

TL-207 

TL-208 

HALF-LIFE 

74.02 D 

11.9 0 

19.15 H 

171 0 

2.71 D 

50 Y 

4.33 0 

4.02 D 

18.3 H 

94.4 M 

39.5 H 

183 D 

30.6 S 

6.183 D 

2.696 D 

3.139 0 

64.14 H 

23.8 H 

46.60 0 

26.1 H 

73.06 n 

12.23 0 

3.779 Y 

4.77 M 

3.053 M 

ADREN 61 S 

2 . O L E - 0 4  

7.87E -08 

2.17E-05 

5.65E-04 

6.67E-05 

1.09E-08 

2.19E-06 

1049E-05 

5-28E-06 

1.85E-05 

2.35E-04 

1.72E-05 

4.93E-05 

1 15E-04 

9.91E-05 

2.19E-05 

1-4LE-05 

2.15E-05 

5 7OE-05 

2.94E-04 

1.99E-05 

l .12E-04 

2.28E-07 

5 03E-07 

6.79E-04 

BLADDER 

1.88E-04 

1 - 5 1  E-08 

2 OS€-0 S 

5 34E-04 

6.58E-05 

1.96E-15 

2.37E-06 

1 S7E-05 

5 29 E-06 

1.83E-05 

2.31E-04 

1.85E-05 

4.57E-05 

1.09E-04 

9.30E- 05 

2.05€-05 

1.51E-05 

2 O7E-05 

5.26E-05 

2.86E-04 

2oOSEO5 

I .  07E-04 

2.44E-07 

4.88E-07 

6.89E-04 

8RAI N 

2 07E-04 

7.30E-08 

2.27 E-05 

5.93E-04 

6.97E-05 

8.65E-10 

2.31E-06 

1.556-05 

5.4 2E-06 

1.90E-05 

2.56E-04 

1.81E-05 

4.90E-05 

1 18E-04 

1 03E-04 

2 17E-05 

1.49E-05 

2.17E-05 

5 68E-05 

3.18E-04 

2 .07E-05 

1 l7E-04 

2.41E-07 

5 .49EO7 

7 65E-04 

BREAST 

2. ME-OI 

1.OlE-OC 

2.80E-05 

7.19E-04 

1.07E-04 

80 50E-07 

5.93E-06 

3.47E-0 5 

1.07E-05 

3.28E-05 

3.11E-04 

3.97E-05 

7.2OE-05 

1.62 E-04 

1.28E-04 

3.54E-05 

3.25E-05 

3 0 92E-0 5 

70 96 E-05 

3.82E-04 

4.17E-05 

1.45E-04 

5 2%-07 

60 14E-07 

8.76E-04 

HE ART 

1 8 3 E-04 

6.5 6 E-08 

2oOLE-05 

5.23E-04 

6-18 E-0 5 

1 e 4 1  E-09 

2 06 E-0 6 

1.39E-05 

4.90E-0 6 

1.70 E-0 5 

2.27E-04 

1 6 2  E-0 5 

4042E-05 

1.05E-04 

9.07E-05 

1.98E-05 

1 34E-05 

1.97E-05 

5 1 1 E-0 5 

2 -80 E-0 4 

1.86E-05 

1.03E-04 

2.16E-07 

4.82E-07 

6.87 E-04 

SMAL L 
INTEST INE 

1.65E-04 

5 82E-08 

1.81E-05 

4. TOE-Ol 

5.56E-05 

1.82E-11 

1.86E-W 

1 2 5E-05 

4.35E-06 

1 53E-05 

2.08E-04 

1.46E-05 

3.966-05 

9.42E-05 

8. LSE-05 

1.75E-05 

1.2OE-05 

1.74E-05 

4.58E-B 

2.55E- 04 

1 66E-05 

9 24E-05 

1 93E-07 

UPPER 
I. AQ GE 

INTESTINE 

1 94E-04 

6.92E-08 

2 13E-0 5 

5 55E-04 

6.58E-05 

2168E-11 

2.2lE-06 

1. S O € - 0 5  

5.22E-06 

I .  81E-05 

2 4 I€-04 

1 75E-05 

4.68E-05 

l o l l € - 0 4  

9.61E-05 

2 1 IE-05 

1.43E-05 

2.11E-05 

5.41E-05 

2.98E-04 

1 99E-05 

i . 0 9 ~ - 0 4  

2 3lE-07 

5.13E-07 

7.3OE-04 

LOWER 
LARGE 

INTESTINE 

1.81 E-04 

6. SBE-08 

1 98F-05 ' 

5.13E-04 

6.03E-05 

4.45E-09 

1.97E-06 

1.34E-05 

4.73E-06, 

1.66E-05 

2.23E-04 

1.55E-05 

4.38E-05 

1.03E-04 

8.93E-05 

1.95E-05 

1.27E-05 

1.92E-0 5 

5.07E-05 

2.7SE-04 

1 79E-05 

1 .O lE-04  

2.06E-07 

4.7lE-07 

6. 76E-04 

w 
U 
U 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATE0 GROUNO SURFACE 
!N SVlYR PER BOI(SWARE 

NUCLIDE 

IR-192 

1R-193M 

IR-194 

I R - 1 9 4 M  

Pf-191 

PT-193 

PT-193M 

PT-195M 

PT-197 

PT- 19 7M 

AU-194 

AU-195 

AU-1954 

nu-196 

AU-198 

AU-199 

HG- 19 7 

HG-197M 

HG-203 

TL-200 

TL-20 1 

TL-202 

TL-204 

TL-207 

TL-208 

HALF-LIFE 

74.02 0 

11.9 0 

19.15 H 

1 7 1  0 

2.71 0 

50 Y 

4.33 0 

4.02 0 

18.3 H 

94.4 M 

39.5 H 

183 0 

30.6 S 

6.183 0 

2.6% 0 

3.139 0 

64.14 H 

23.8 H 

46.60 0 

26.1 H 

73.06 H 

12.23 0 

3.779 Y 

4 - 1 7  M 

3.053 M 

KIDNEYS 

1.95E-04 

7.88E-08 

2.13E-05 

5.55E-04 

6.0 84E-0 5 

1 -30E-11 

2.48E-06 

1 64E-05 

5.44E -06 

1.90E-05 

2.43E-04 

1 92E-05 

4.71E-05 

I. 12E-04 

9.62E -0 5 

2.09EQ5 

1.57E-05 

2.12E-05 

5.43E - 0 5  

2.996-04 

2.12E-05 

L. lOEQ4 

2.53E-07 

5. 11E-07 

7.40E-04 

LIVER 

1.87E-04 

7.4OE-08 

2.04EO5 

5.31 E-04 

6.52E-05 

1 OSE-10 

2 34E-06 

1.56E-05 

5.26 E 0 6  

1.81 E-0 5 

2 3 I E-04 

1 8 2 E- 0 5 

4.55E-05 

1.08E-04 

9.2 5E-0 5 

2 eO4E-05 

1 50E-05 

2.06E-05 

5.24E-05 

2 85 E-04 

2.04E-05 

1.06E-04 

2 m42E-07 

4.85E-07 

6.92E-04 

LUNGS 

2 02 E-04 

9.OlE-08 

2.19E-05 

Se l l€ -04  

7.08E-05 

8.5 BE-09 

2 59E-06 

1 e72E-05 

5.78E-06 

1.97E-05 

2.46 E-04 

2 02E-0 5 

4 . 9 3 5 0 5  

1. 17E-04 

9.95E-05 

2 2 +E-05 

1. 65E-05 

2.27E-05 

5.68E-05 

3 04E-04 

2 24E-05 

1 14E-04 

2 67E-07 

5 17E-07 

7.27E-04 

MARROW 

2 46 E-04 

1. so~-or  
2.59E-05 

6 .66604  

9.84E-05 

5. L5E-09 

4.57E-06 

2 rn 99E-05 

9.44E-06 

2. WE-05 

2.8LE-04 

3.53 E-05 

6.64E-05 

1. 5OE-M 

1 19 E-04 

3.35E-05 

2.89E-05 

3.58E-05 

7.46E-05 

3. 4 7 6 0 4  

3. t9E-05 

1.43E-04 

4.69E-07 

5.57E-07 

7.63 E-04 

REO 
HARROW 

2 06 E-04 

5 09 E-0 8 

2 2 4 E -0 5 

5.83E-04 

6.24 E-0 5 

2.82E-09 

1 5 7 E-06 

1 12E-0 5 

4.41E-06 

1 68  E-0 5 

2 45 E-04 

1.27E-05 

4.89 E-0 5 

1. 15  E-04 

l.02E-04 

2.04 E-0 5 

1 04E-0 5 

1 89E-0 5 

5 72E-0 5 

3 a04 E-04 

1 58E-0 5 

1. L2E-04 

1 68 E-0 7 

5.24E-0 7 

7.43E-04 

OVARI €!3 

1.75E-OS 

6. 45E-08 

1 9 9 1  E- OS 

5.06E-W 

5.89E-05 

4.25E-09 

1.92E-06 

1 29E-05 

4.43E- 06 

1 59E-05 

2.14E-OS 

1.50E-05 

4.06E-05 

9.92E-05 

8.73E-05 

1 76E-OS 

1.23E-05 

1 77E-05 

*.,DE-05 

2 69E-OI 

1 70E-05 

9.89E-OS 

1 99E-07 

4 . 7 1 ~ - 0 7  

6.27E-W 

PANCREAS 

1.61E-04 

5.43E-08 

1 76E-05 

4. S7E-04 

s. 1 8 ~ - 0 5  

6.34E-09 

1. 55E-06 

1 O7E-05 

3 9 LE-0 6 

1 4 1E-0 5 

1.98E-04 

1. 2 4 6 0 s  

3.85E-05 

9 0 1OE-0 5 

7.97E-05 

1.67E-05 

1.0 LE-05 

1 6 1E-05 

4.48E-05 

2 44E-04 

1.45E-0s 

8.89E-05 

1.63E-07 

4.  m - 0 7  

6.05E-04 

SKE L E 1 ON 

2.51E-04 

1.63E-07 

2.64E-05 

6.77E-04 

1.OlE-04 

1.39E-08 

4. 7OE-06 

3.07E-05 

9.69E-06 

2.96E-05 

2.86E-04 

3.63E-05 

6.78E-05 

I. 53E-04 

1.21E-04 

3.43E-05 

2.97E-05 

3.67E-05 

7.61E-05 

3.53E-04 

3.90E-05 

1.4bE-04 

4.82E-07 

5.67E-07 

7.75E-04 

w 
v 
03 
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PHOTON OOSHATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMfNATEO GROUNO SURFACE 
I N  S V l Y R  PER BOItSOUARE CHI 

NUCLI DE 

IR-192 

IR-193M 

IR-194 

IR-194M 

Pl-191 

PI-193 

PT-193M 

PT-195M 

PI-197 

PT-19TY 

AU-194 

AU-195 

AU-195H 

AU-196 

AU-198 

AU-199 

HG-197 

HG-197M 

HG-203 

TL-200 

TL-201 

TL-202 

TL-204 

TL-207 

I l - 2 0 8  

HALF-LIFE 

14-02 0 

11.9 O 

19.15 H 

171 0 

2.71 0 

50 Y 

4.33 0 

4.02 O 

18.3 H 

94.4 M 

39.5 H 

183 0 

30.6 S 

6.183 0 

2.696 0 

3.139 0 

64.14 H 

23.8 H 

46.60 0 

26.1 H 

73.-06 H 

12.23 0 

3.779 Y 

4-77 n 

3.053 N 

SKIN 

3.0 8E -04 

1.96E-06 

3.34E-05 

8.75E-04 

1.17E-04 

1.81E-06 

6.68E-06 

3.52E-05 

l . l l E - 0 5  

3.58E-05 

3.75E-04 

3.88E-05 

7.85E-0 5 

1.83E-04 

1.52E-04 

3.53E-05 

3 . 2 1 E d 5  

3.98E-05 

8.71E-05 

4.67E-04 

4.08E-05 

1.80E-04 

5 . 1 8 E 4 7  

7.91E-07 

L . 0 6 E - 0 3  

SPLEEN 

1 84E-04 

6.88E-08 

2.ooE-05 

5.19E-04 

6 . 2 3 6 0 5  

2.45E-09 

2.12E-06 

1 43E-0 5 

4 99E-0 6 

1.73605 

2.23E-04 

1.67E05 

4.48E-05 

1 O 6 E - 0 4  

9 . 0 7 6 0 5  

2.01605 

1 3 7 6 0 5  

2. OOE-OS 

F. 17F-os 

2 76E-04 

1.90E-05 

1.03604 

2 21 E-07 

4.7OE-07 

6.6SE-04 

STOMACH 

1 m85E-04 

7.06E-08 

2 OLE-05 

5 2 5E-04 

6 32E-05 

2 21E-09 

2.18E-06 

1.46 E-05 

5 WE-06 

1.7SE-05 

2 26E-04 

1.71E-05 

4.47 E-05 

1.06E-04 

9 13E-05 

2 .OOE-05 

L.40E-05 

2001E-05 

5 16E-05 

2 79E-04 

1.93E-05 

1.04E-04 

2 2 6 E-07 

4.79E-07 

6 83E-04 

TESTES 

2.7ZE-04 

2.07E-07 

2.94E-05 

7.66 E - 0 4  

1. 01 E - 0 4  

7. 87E-08 

4ml2E-06 

2.67E-0 5 

8.56E-06 

2. WE-05 

3028E-04 

30 13E05 

6.80605 

1.6 1E-04 

1.34E-04 

3.14E-05 

2.55E-OS 

3028E-05 

7.76E-05 

4.07E-04 

3.38E-05 

1.57E-04 

4.12E-07 

6. ME-07 

9. SO€-04 

THY MUS 

2.06E-04 

9.89E-08 

2 2 6 E -0 5 

5 . 8 5 E-04 

7.68 E-0  5 

1.81 E-1 z 
3. l lE-06 

2.04E-05 

6.58E-06 

2.17E-0 5 

2.56E-04 

2.4OE-05 

5.15E-05 

1 2 1 E-04 

1 0 1 E-04 

2.41E-05 

1 97E-0 5 

2.52E-05 

5 88 E-05 

3.18E-04 

2.6 1 E-0 5 

1.18E-04 

3.18E-07 

5.45E-07 

7.43E-04 

UTERUS 

1 64E-04 

5.77E-08 

1.79E-05 

4.64E-04 

5.52E-05 

7.91E-13 

1 85E-06 

1 2%-05 

4.39E-06 

1 53E-05 

2.04E-04 

1.4SE-05 

3 99E-05 

9.41E-05 

8.11E-05 

I .  78E-05 

l.2OE-05 

1 76E-05 

4.61E-05 

2. SOE-O? 

1.67E -0 5 

9.19E-05 

1 94E-07 

4.22E-07 

6.19E-0+ 

TOTAL 
80 OY 

2.16E-04 

2.03E-07 

2.34E-05 

6. l lE-04 

7.82E-05 

1.09E-07 

3.12E-06 

2.0 1E-05 

6 5 7E-06 

2.2 1 E-05 

2.63E-04 

2.35E-05 . 

5.36E-05 

1.27E-04 

1.07E-04 

2.45E-05 

1.91E-05 

2.54E-05 

6.13E-05 

3.25E-04 

2. 56E-05 

le24E-04 

3.09E-07 

5.50E-07 

1.692-04 . 



PHOlON W S E - R A I E  CONVERSION FAClORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONlAWINAlEO GROUND 
I N  SV/YR PER BO/tSOUARE CHI 

NUCL I OE 

TL-209 

TL-210 

PB-203 

P8-204H 

PB-205 

PB-209 

PB-210 

PB-21 I 

pe-212 

Pe-214 

81-206 

\ .  

B 1-20 7 

01-208 

B 1-210 

81-21 1 

81-21 2 

81-213 

81-214 

PO-209 

PO-210 

PO-21 1 

PO-212 

PO-213 

PO-214 

PO-2 15 

HALF-LIFE 

2.20 M 

1.30 M 

52.02 H 

66.9 H 

1.51El Y 

3.253 H 

22.26 Y 

36.1 H 

10.643 H 

26.8 Y 

6.243 0 

33.4 Y 

3.68E5 Y 

5.013 0 

2.13 H 

60.55 M 

45.65 H 

19.9 M 

102 Y 

138.378 0 

.O.S16 5 

2.98E-7 S 

4 . 2 E d  S 

1.637E-4 S 

l.778E-3 s 

AOREN K S 

4.43E-04 

6.02E-04 

7.31E-05 

5. 88E-04 

1.55E-08 

0.0 

3.05E-07 

1.21E-05 

3.61E-05 

6.11E-05 

7.41E-04 

3.46E-04 

5.OSE-04 

0.0 

1.17E-05 

4.09E-05 

3.36E-05 

3.2OE-04 

8.17E-07 

2.00E-09 

1.82E -0 6 

0 ; o  

7.2OE-09 

1.96E-08 

3.63E-08 

BLAOOER 

4.40E-04 

5 93E-04 

6.93E-05 

4 7OE-04 

7 28 E- 15 

0.0 

3.73E-07 

1 16F-05 

3.38E05 

5m71E-05 

7.23E-04 

3 0 38E-04 

50 24E-04 

0.0 

1.09E-05 

4.OOE-05 

3 18E-05 

3.19E-04 

7.83 E-0 7 

1 93 E-09 

1.7SE-06 

0.0 

6.93E-09 

1.89EO8 

3 . 4 2 6 0 8  

BRA1 N 

4.92E-04 

6 64E-04 

7.39E-05 

5 27E-04 

1 28E-09 

0 .o 

2 0 70607  

1 29E-05 

3 60E-05 

6 2 2E-05 

8.08E-04 

3 78E-04 

5 79E-04 

0.0 

1 19E-05 

4 49E-05 

3 52E-05 

3 5 8E-04 

8 6 5 E- 0 7 

2 l7E-09 

1.97E-06 

0.0 

7.79E-09 

2. UE-08 

3 79E-08 

BREAST 

5. B E - 0 4  

7.59E-04 

1.12E-04 

6. WE-04 

1 14E-06 

0.0 

2.31 6 0 6  

l.52E-05 

5.54E-OS 

8.43E-05 

9.40EO4 

4.41E-04 

6.65 E-04 

0.0 

1 57E-05 

5.12E-05 

40 36E-05 

4.02E-04 

1.08E-06 

20 4%-09 

2.24E-06 

0.0 

8.80E-09 

2. 40E-08 

4. 64E-08 

HE ART 

4.35E-04 

5.87E-04 

6 63E-0 5 

4.b3E-04 

2 0 7 E -0 9 

0.0 

2 4 4 E -0 7 

1 14E-0 5 

3 2 6  E-0 5 

5 55 E-05 

7.12E-04 

3 -3 2E-04 

5 24 E-0 4 

0.0 

1.06 E-05 

3.95E-05 

3 1 OE-0 5 

3.16E-04 

7.6 6 E-0 7 

1.91E-09 

1.73E-06 

0.0 

6.83E-09 

1.8 7 E-0 8 

3.34 E-0 8 

SMALL 
INTEST INE 

3.99E-OI 

5.3BE-05 

5.94E- 05 

4.20E-04 

3 26E- 11 

0.0 

2.54E-07 

1 e 03E-m 

2 9 lE-05 

4 98E-05 

6.47E-04 

3.02E-04 

4.92E-04 

0.0 

9.54E-06 

3.6OE-05 

2.79E-05 

2 90E-Orr 

W P  ER 
LARGE 

I N l E S l  TNE 

4.63E-04 

6.24E-04 

7.03E-05 

4.93E-04 

2.76F-11 

0.0 

3.03E-07 

1 2lE-05 

3. 45E-05 

5.88E-05 

7.57E-04 

3 53E-OI  

5. STE-OP 

0.0 

1.12E-05 

5 2OE-0 5 

3.29E-05 

3 36 E-04 

8.15E-07 

2.03E-09 

1.84E-06 

0.0 

7.27E-09 

1.99E-08 

3 54E-08 

SURFACE 

LOWER 
LARGE 

I H T E S l  INE 

4.26E-04 

5.76E-04 

6.S3E-05 

4.54E-04 

6. Si€-09 

0.0 

2.61E-07 

l.12E-0s 

3.2 1 E-05 

5.48E-05 

6.97E-04 

3.2%-04 

5.16E-04 

0.0 

1.05E-05 

3.87E-05 

3.0%-05 

3.10E-04 

7.52E-07 

1. 86E-09 

1.69E-06 

0.0 

6.68E-09 

1.83E-08 

3.2 8E-08 



PHOTON OOSE-RATE COUVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATED G R O W 0  
I N  S V l Y R  PER BQI(SWARE 041 

NUCLI OE 

TL-209 

TL-210 

PB-203 

PB-204M 

PB-20 5 

P8-209 

PB-210 

PB-211 

PB-212 

Pa-214 

81-206 

81-207 

81-208 

81-210 

01-21 1 

81-212 

81-213 

81-214 

PO-209 

PO-210 

Po-21 1 

Po-212 

PO-213 

Po-214 

PO-21 5 

HALF-L I FE 

2.20 M 

1.30 M 

52.02 H 

66.9 M 

1.51E7 Y 

3.253 H 

22.26 Y 

36.1 M 

10.643 H 

26.8 M 

6.243 0 

33.4 Y 

3.68E5 V '  

S.013 0 

2.13 M 

60.54 M 

45.65 M 

19.9 M 

102 Y 

138.378 0 

0.516 S 

2.98E-7 f 

4.2E-6 f 

1.637E-4 S 

10778+3 f 

KIDNEYS 

4.62E-04 

6.25E-04 

7.1 5E-05 

4.92E-04 

2.55E-11 

0.0 

4.41E-07 

1.21E-05 

3.48E-05 

5.90E-05 

7.57E-04 

3.53E-04 

5.67E-04 

0.0 

1.13E-05 

4.2OE-05 

3.29E-05 

3.36E-04 

8.16E-07 

2.02€*9 

1.83E-06 

0.0 

7.25E-09 

1.98EO 8 

3.54E-08 

LIVER 

4.40E-04 

5.92E-04 

b.89E-05 

4.6TE-04 

l e  8 O E l O  

0.0 

3.33E-07 

1.15E-05 

3.37E-05 

5.69E-05 

7.20E-04 

3.36E-04 

5.27E-04 

0.0 

1.09E-05 

3.99E-05 

3 ME-05 

3 19E-04 

7 .  W E 0 7  

1.92E-09 

1 74E-06 

0.0 

6 .p9E09 

1 * ~ 8 * 0 8  

3.bOE-08 
\ 

i 

LUNGS 

4 6 7 E-04 

6.29E-04 

7.49E-05 

4.99E-04 

1.25E-08 

0.0 

3.88E-07 

1 23E-05 

3.67E-05 

6.14E-05 

7.68E-04 

3.59E-04 

5.51E-04 

0 .o 

1.1TE-05 

4.24E-05 

3 40E-05 

3 37E-04 

8.36E-07 

2 OS E-09 

1 86E-Ob 

0.0 

7 36E-09 

2 . 01 € 4 8  

3.65E-08 

MARROW 

5 15 E-04 

6.81 €44 

1.04E-04 

5.5lE-04 

7.94E-09 

0.0 

6. eo€-07 

1 40E-05 

5.18E-05 

7.83E-05 

8.52E-04 

4. WE-04 

5.68E-04 

0.0 

1e47E-05 

4.59E-05 

$.OS€-05 

3.58E-04 

9.%E-07 

2 0 23 E-09 

2;OSE-06 

0.0 

8. WE-09 

2. 19E-08 

4- 31 E 0 8  

REO 
MARROW 

4 6 8 E -0 4 

6 .3 8 E-0 4 

7.04E-05 

5.07E-04 

4.12E-09 

0 .o 

1.74E-07 

1.2b E-0 5 

3.48E-05 

6.17E-05 

T.72E-04 

B e  59E-04 

5.61E-04 

0.0 

1 19E-O 5 

4 30 E-0 5 

3.46E-05 

3.42E-04 

8.28E-07 

2 rn 08E-09 

1.90E-06 

0.0 

7 04 8E-09 

2.04E-08 

3 76 E-08 

P ANCR EA S 

3 79E-04 

5. UE-04 

5 b7E-0 5 

4 .  03E-04 

9 . M - 0 9  

0.0 

2e01E-07 

9 93E-06 

2.79E-0 5 

4.85E-05 

6.19E-04 

2. 88E-04 

4.62E-04 

0.0 

9.32E-Ob 

3.44E-05 

2. T1E-05 

2.76E-04 

6.63E-07 

1 66€-09 

1 SOE-Ob 

0.0 

5. PIE-09 

1.62E-08 

2.93E-08 

SURFACE 

SKELETON 

5.24E-04 

6. 92E-04 

1.06E-04 

5.60E-04 

2.03E-08 

0.0 

7.12E-07 

1.42E-05 

5.30E-05 

7.98E-05 

8.67E-04 

4.07E-04 

5. 77E-04 

0.0 

1. 50E-05 

4.67E-05 

4.11E-05 

3. b4E-04 

1.OlE-06 

2.27E-09 

2.08E-06 

0.0 

8.17E-09 

2.23E-08 

4.38E-08 



PMOT(JY DOSE-RATE CONVERSION FACTFS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATED GROUND SURFACE 
I N  SVIYR PER BQ/tSOUARE CWB 

NUCLI DE 

TL-209 

TL-2¶0 

PB-203 

PB-204M 

P 8-20 5 

PB-209 

PB-210 

HALF-LIFE SKIN SPL EE N 

2.20 M 7.03E-04 4.2bE-04 

¶ a 3 0  M 9 . 4 7 E 0 4  SoT3E-04 

52.02 H 1.2OE-04 b.72E-05 

66.9 M 7.64E-04 *.%E-04 

1.51E7 Y 2.38E-06 3.67E-09 

. .  

3.253 M 0.0 0.0 

22.26 Y 3 . 7 1 E O b  2.79EOT 

. .  

STOMACH 

40  30E-04 

5 8 ZE-04 

6.74E-05 

4. b2E-04 

3 rn 35E-09 

0.0 

2.99E-07 

TESTES 

6.17E-04 

8.28E-04 

1.05E-04 

6.63E-04 

1. 12E-07 

0.0 

8- 64E-07 

. ,  . , 

THYMUS . 
4.84E-04 

6.54E-04 

7.96E-05 

5 24E-04 

30 9 9  E- 12 

0.0 

4.92 €4 7 

TMYRO I D  

5.79E-OI 

UTERUS 

3.91E-04 

5 2QE-04 . 

5.97E-05 

4.08E-04 

1.OSE-12 

0.0 

2 26E-0 7 

TOTAL 
BDDY 

4; 97E-04 

6.68E-04 

8.18E-05 

5 3 2E-04 

1. SO€-07 

0.0 

6.91E-07 

81-210 5.013 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

81-211 

01-212 

81-213 

01-214 

PO-209 

PO-210 

PO-2 1 1 

PO-2 1 2 

PO-213 

PO-2 14 

PO-2 15 

2 -13  M 

60.55 I4 

44.65 M 

19.9 M 

102 Y 

138.378 D 

0.511 S 

2.98E-7 S 

4e2E-6 S 

1.637E-4 S 

1.778E-3 s 

1.80E-05 

6.54E-05 

5-23E-05 

5 07E-0 4 

1.30E06 

3.15EO9 

2.86E-06 

0.0 

1 . 1 3 E 0 8  

3 -08E-08 

5.59E-08 

1. OIE-05 

3 86E-05 

3.09E-05 

3. O t E O 4  

7. m - 0 7  

1.86E-09 

1.69E-06 

0.0 

b.69E-09 

I .  m - 0 8  

3 33 E-0 8 

1.07E-05 

3.92E-05 

3.12E-05 

3.12E-04 

7 .6 ~ ~ - 0 7  

1 90E-09 

l.72E-06 

0.0 

6 82E-09 

1 e8bE-08 

3.3%-08 

1 20 E-0 5. 

4.43E-05 

3 e47E-05 

3.50E-04 

8 84 E-0 7 

2.15E-09 

1 94 E-0 6 

0.0 

7.71E-09 

2.11E-08 

3.71'&0 8 

9.5%-Ob 

3. 50E-05 

2.77E-05 

2.83E-04 

6.78E-07 

1- 67E-09 

1. !DE-06 

0.0 

5 99E-09 

1.64E-08 

2.98E-08 

1 26 E-05 

4.52E-05 

3.65E-05 

3.58E-04 

8.98 E-0 7 

2.19E-09 

1 99E-06 

0.0 

7.85E-09 

2.14E-08 

3.9lE-08 



PHOTON OOSE-UATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATED GROUYD SURFACE 

. I  

I N  S V l Y R  PER BQ/tSQUARE CnC . .  

NUCLl DE 

PO-216 

PC-2 18 

AT-21 1 

AT-217 

RN-218 

RN-219 

RN-220 

RN-222 

FR-221 

FR-223 

RA-222 

RA-223 

RA-224 

RA-225 

RA-226 

RA-228 

AC-225 

AC-227 

AC-228 

TM-226 

TM-227 

TH-228 

TH-229 

TH-230 

TM-231 

HALF-LI C E 

0.146 S 

3.05 M 

7.214 H 

0.0323 S 

0.035 S 

3.96 s 
55.61 S 

3.8235 0 

4.8 M 

21.8 M 

38.0 S 

11.434 0 

3.62 0 

14.8 0 

1600 Y 

5.75 Y 

10.0 0 

21.773 Y 

6-13 n 

30.9 M 

18.718 D 

1.9132 Y 

7.34E3 Y 

7.7E4 Y 

25.52 n 

AOREN bc S 

3.41E-09 

0.0 

8.41E-06 

5.69E-08 

1.81E-07 

1 -42E-O 5 

1.25E-07 

9.33E-08 

7.71E-06 

1.11E-05 

2.29E-06 

3.25E -05 

2.51E-06 

1.74E-06 

1.68E-06 

1.3OE-14 

3.23E-06 

3.06E-08 

2.09E -04 

1.89E-06 

. .  2.59E-05 

4.74E-07 

2.04E-05 

9.55E -08 

2.72E-06 

BLADDER 

3 29E- 09 

0.0 

8.63E-06 

5 43E-08 

1.72E-07 

1 32E-05 

1.19E-07 

8.86E-08 

7.09E-06 

1 13E-05 

2 12 E-06 

3 O B € - 0 5  

2.30E-06 

2 51 E-06 

1.54E-06 

2 34 E- 2 1 

3.06E-06 

2 65E-0 8 

2 03 E-04 

1 76 E-06 

2.41 E-05 . .  . 
4.43E-01 

1.96E-05 

8.47E-08 

2.59E-06 

B R A I N  

3.  7OE-09 

0.0 

8.82E-06 

6.07E-08 

1.93 E-07 

1 A4E-05 

1 33E-07 

9.88E-08 

7 57E-06 

1 12E-05 

2 32E-06 

3.28E-05 

2.47E-06 

1 ALE-06 

1 -64E-06 

1 03E-15 

,3.22E-06 

2.84E-08 

2 28E-04 

1.87E-06 

2.57E-05 

4.65E-07 

2 04E-05 

8 62E-08 

2.58E-06 

BREAST 

40 l7E-09 

0.0 

1.78E-05 

7.07E-08 

2.24E-07 

1.92E-OS 

1.57E-07 

1.18E-07 

1 14E-OS 

2.39E-05 

3.07E-06 

5.23E-05 

3.57E-06 

8.08E-06 

2. 58E-06 

1.02E-12 

7. WE-06 

1.52E-07 

2.65E-04 

3.6+E-06, 

4.llE-05 

1. %E-06 

4.25E-05 

8.23E-07 

1 24E-OS 

nE ART 

3 25E-09 

0 .o 

7.95 E 0 6  

5.32E-08 

1.69E-07 

1.28E-05 

1.1 7E-0 7 

8-66 E-0 8 

6.8 8 E-06 

1.00E-05 

2.07E-06 

2 9 6  E-0 5 

2 -24 E-0 6 

1.30 E-0 6 

1 50E-06 

1.69E-15 

2 - 9 4  E-06 

2 63 E-0 8 

2.01 E-04 

1 72 E-06 

2.32E-05 

4.24E-07 

1-07 E-0 5 

7. WE-08 

2.36E-06 

UPPER 
LARGE 

INTEST I YE 

3.45E-09 

0.0 

8.50E-06 

5.65E-08 

1.80E-07 

1 3bE-05 

1.24E-07 

9.19E-08 

7.3OE-06 

1.09E-05 

2 19E-06 

3. LSE-05 

2.37E-0 6 

1.93E -06 

1.60E-06 

3.2lE-17 

3.1%-06 

2.19E-08 

2.14E-04 

1.64E-06 

2.46E-05. 

4.50E-07 

2. OLE-OS 

8.16E-08 

2.63E-06 

LOWER 
LARGE 

1NT EST I NE 

3.17E-09 

0.0 

7.59E-06 

5.21E-08 

1.66E-07 

1.27E-OS 

L.14E-07 

8.49E-08 

6.83E-06 

9.90E-06 

2.OSE-06 

2.90E-05 

2. 23E-06 

1. 50E-'06 

1.49E-06 

5.32E-15 

2.87E-06 

2.64E-08 , 

1.97E-04 

1.68E-06 

2.30E-05 

4.17E-07 

1.82E-05 

8.03E-08 

2.37E-06 

w 
OJ 
w 



I 

PWV)rbS OOSE-RATE CWVEFSIW FACTORS 
I N  SV/YR PER 8QltSWARE Q11 

NUCLI OE 

90-216 

PO-2 18 

AT-21 1 

AT-21 7 

RN-218 

RN-219 

RN-220 

RN-222 

FR-221 

FR-223 

RA-222 

RA-223 

RA-224 

RA-225 

RA-226 

RA-228 

At-225 

At-221 

ac-228 

TH-226 

114-227 

TM-228 

TM-229 

TH-230 

TH-23 1 

HALF-LY FE 

0.1M s 

3.05 H 

1.214 H 

0.0323 S 

0.035 S 

3.96 5 

55.61 S 

3.8235 0 

4.8 M 

21.8 H 

38.0 S 

11.434 0 

3.62 D 

14.8 0 

1600 Y 

5.75 Y 

10.0 0 

2 i . m  Y 

6.13 H 

30.9 M 

18.718 D 

1.9132 Y 

7 . 3 4 ~ 3  Y 

7.7E4 Y 

25-52 H 

KIDNEYS 

3.*4E-O9 

0.0 

8.84E-06 

5.64E-08 

1 . 7 9 ~ 4  r 

1 . 2 4 ~ 4 3 ~  

1.36E-05 

9.19E-08 

7.29E-06 

1 .20E45  

2.19E-06 

3.16E-05 

2.37E-06 

3.25E-06 

1.58E -06  

1.5SE-17 

3.13E-06 

2.69EQ8 

2.13E-04 

1.80E-06 

2 m49E-05 

4 . 5 4 ~ 4 3 7  

2.02E-05 

8.79E-08 

2.79E-06 

LJ VER . - .  
3 27E-09 

0 .o 

8.58E-06 

5.39E-08 

1. 7 i ~ - 0 7  

1-31 E-0 5 

I .  mE-07 

8.81E-08 

7.06E-06 

1.1OE-05 

2 11 E-06 

3 .OIE-O 5 

2 29E-06 

2.03E-06 

1.54E-06 

1.26E-16 

3 -0.5 E 0 6  

2 65 E-0 8 

2.02E-04 

1 76E-06 

2.39E-05 

4.42 E O  7 

1.95E-05 

8.43E-08 

2.53E-06 

I 

FOR VARIOUS ORGANS. FOR' EXPOSURE 1 Y[ABOYE CONTAMINATE0 

LUNGS 

3.49E-09 

0.0 

9.48E-06 

5 .  T E E - 0 8  

1 . ~ ~ - 0 7  

1.42E-05 

L.ZIE-OI 

9 46E-08 

7.69E-06 

1.22E-05 

2 2 8E-06 

3.35E-05 

2 49E-06 

2 29E-06 

1.68E-Ob 

1 -03E-14 

3.38E-06 

3.16E-08 

2.16E-04 

1 95 E-06 

2.60E-05 

4.99E-07 

2 LE-05 

1 .04~-or 

3 00E-06 

HARROW 

3 80 E-09 

0.0 

1.61 E-05 

6.51E-08 

* .  

2. O ~ E - O ~  

1 79 E-05 

1.45 E-0 7 

1.09E-07 

1.07E-05 

1.88E-05 

2.86 E-06 

4.85E-05 

3.35E-06 

4.05E- 0 6 

2.42E-06 

6.16E-15 

5.31E-06 

4.91E-08 

2 . 3 7 5 0 4  

2.96E-06 

3. 54E-05 

r. m - o r  
3.48E-05 

i . 6 5 ~ o r  

4 96 E-06 

GROW0 SMFACE 

i 
RED 

UARRW 

3.5 5 E-09 

0.0 

6.61E-06 

5.90E-08 

. .  

i . 8 r ~ - 0 7  

1.45E-0 5 

I. 30 E-o r 
9.6 8.E-O 8 

r .  sr E-06 

9.42E-06 

2.35E-06 

3.OSE-0 5 

2.5 1 E-06 

9 . ~ 3 ~ - 0 7  

1 a61 € 4 6  

3.37E-15 

2 83 E-0 6 

2.55 E-0 8 

2.18E-04 

i . m - 0 6  

2 54 E-0 5 

4 . 0 n - o r  

I .  rs E-os 

6.98E-08 

2 05 E-0 6 

OVARY ES 

3018E-Q) 

0.0 

7.19E-06 

5.22E-08 

1.66E-or 

1.21E-05 

1.14E-07 

8.46E- 08 

6.22E-06 

9.61E-06 

1.94E-06 

2. ~ I E - O S  

2.04E-06 

1.66E- 06 

1.34E-06 

5.08E-15 

2. 63E-06 

2.39E- 08 

1 94E-09 

1 53E-06 

2.14E-05 

3.84E-07 

I .  67  E- 05 

r .  61 E- 08 

2.23E-06 

P ANCR EAS 

2.82E-09 

0.0 

6. 15E-06 

4.64E-08 

1 .+BE-o~  

1.13E-05 

I. OZE-0 7 

r .  ~ ~ E - O B  

5.98E-06 

8.26E-06 

1.82E-06 

2. 50E-05 

1.96F -06 

1. LZE-06 

1 29E-06 

r .  SBE-IS 

2.43E-06 

2. ZIE-OB 

I .  r 5 ~ - 0 4  

1.44E-06 

2.02E-05 

3.54E-07 

1. SZE-05 

6.8LE-08 

1 96E-06 

SUELETON 

3.86E-09 

0.0 

1.66E-05 

6.62E-08 

2. ioE-or 
1.83E-05 

I. ~ T E - O T  

1. i i E - 0 7  

1.09E-05 

1 9 3E-05 

2.92E-06 

4.97E-05 

3.42E-06 

4.lSE-06 

2.48E-06 

1.66E-14 

5.48E-06 

S.21E-08 

2.42E-04 

3.05E-06 

3.62E-05 

0. LO€-07 

3.58E-05 

1. m - o r  

5.2lE-06 

0 
03 
P 



v -- 

P H O T M  OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGAUS FOR EXPOSURE 1 M ABOVE CONTAMINATE0 GROUND SURFACE 

NUCLIDE 

PO-216 

PO-21 8 

AT-21 1 

AT-217 

RN-218 

RN-219 

RN-220 

RN-222 

FR-22 I 

FR-223 

Rl-222 

RA-223 

RA-224 

RA-225 

RA-226 

RA-228 

4C-225 

AC-22 7 

AC-228 

TH-226 

TH-227 

tH-228 

TH-229 

TH-230 

TH-231 

HALF -L I FE 

0.146 S 

3.05 M 

7.216 H 

0.0323 S 

0.035 S 

3.96 S 

55.61 S 

3.8235 0 

4.8 n 

21.8 w 

38.0 S 

11.434 0 

3.62 0 

14.8 0 

1600 Y 

5.75 Y 

10.0 0 

21.773 Y 

6-13 H 

30.9 M 

16.718 0 

1.9132 Y 

1 . 3 4 0  Y 

7.7H Y 

. .  

25.52 n 

S K I N  

5.36E-09 

0.0 

1.76E-05 

8.88E-08 

2.82E-07 

2 . l l E - 0 5  

1 . 9 5 E 4 7  

1.45E-07 

1 19E-05 

2.62E-05 

3.48E-06 

5 . 4 8 E 4 5  

3.82E-06 

9.25E-06 

2.64E-06 

2.17E-12 

8 . 1 9 E 4 6  

Z.33E -0 7 

3.35E-04 

4.OSE-06 

4 . 6 3 E 4 5  

2.1.6E46 

+.58€-05 

I - 4 O E 4 6  

1.74E-05 

, .  . .  

SPLEEN 

3.1lE-09 

0.0 

8.07E-06 

5.25E-08 

1.67E-07 

1 . 2 9 ~ 0 5  

1.15E-07 

8.60E-08 

7.00E-06 

1 O 4 E - 0  5 

2 09E-06 

3.00E-05 

2.27E-06 

1.61E-06 

1.53E-06 

2.93E-15 

2.99E-06 

2. TOE-08 

1 -96E-04 

1 74E-06 

2 3 5E-0 5 

4.33E-07 

1.90E-05 

6 .24508 

. 1 ’  

2.46E-06 

STOMACH 

3.24E-09 

0 .o 

8.18E-06 

5.33E-08 

1.69E-07 

1 30E-05 

1.17E-07 

8.69E-08 

6.96E-06 

1.06E-05 

2 OB€-06 

3.00E-05 

2.26E-06 

1 76E-06 

1 52E-06 

2.64E-15 

2.99 E-06 

2.69E-08 

2. DOE-04 

1 73E-06 

2 e35E-05 

4.34.E-07 

1 90  E-0 5 

8.35E-08 

2. 50E-06 

, . . .  . -  

TESTES 

4 63 E-09 

0.0 

1.42E-05 

7.73E-08 

2.45 E-07 

1.93E-05 

1. TOE-07 

1.27E-07 

1.06E-05 

1.89E-05 

3.09E-06 

4.72E-05 

3.41 E-0 6 

5 25 E - 0 6  

2 33 E-06 

9.4lE-14 

5.01 E-06 

5.88E-08 

2 87 E-04 

2.81E-06 

3.65E-05 
I . .  

8.04E-0 7 

3.22E-05 

2.33E-07 

5.74E-06 

THY MUS 

3 67  E-0 9 

0.0 

1 10E-0 5 

5.94E-0 8 

1 8 9  E-0 7 

1 45E-0 5 

1 3 0 E-0 7 

9 6 1 E-0 8 

8.08 E-0 6 

1 e 3  8 E-0 5 

2 3 3 E-06 

3 59E-05 

2 59E-06 

3.2 1 E-0 6 

1 78 E-0 6 

2.17E-18 

3 70E-06 

3.2 1E-0 8 

2.26E-04 

2.09 E-0 6 

2.73E-0 5 

5.3 9E-0 7 

2 e6OE-0 5 

1.07E-0 7 

3. 22 E-0 6 

T HYRO IO 

4.40E- 09 

0.0 

l.4OE-05 

7.22E-08 

2.29E-07 

1.81E- os 

1.58E-07 

1.18E-07 

L.02E-05 

1.76E-05 

2.90E-06 

4.54E-05 

3.25E-06 

C. 26E-06 

2.26E-06 

6.49E- I 5  

4.76E-06 

4.39E-08 

2.72E-01S 

2.69E-06 

3 .WE-  05 

7.00E-01 

3.09E-05 

1 48E-01 

4.48E-06 

. .  

UTERUS 

2.84E-09 

0.0 

7.07E-06 

4. 7OE-08 

1 49E-0 7 

1. ME-05 

1.03E-07 

7.7OE-08 

6.22E-06 

8.94E-06 

I .  86E-06 

2.65E-05 

2.03E-06 

1.29E-06 

1.35E-06 

9.46E-19 

2.61E-06 

2.28E-08 

1. 77E-04 

1 S3E-06 

2.09E-05 

3 77E-07 

1.66E-05 

6.85E-08 

2.04E-06 

, .  

TOTAL 
BOOY 

3.72E-09 

0.0 

1.08E-0 5 

6.18E-08 

1.96 E - 0  7 

I .  53 E-05 

1.36E-07 

1.01E-07 

8.3%-06 

1.46E-05 

2. 65E-06 

3.68E-05 

2.69E-06 

3.61E-06 

1.83E-06 

1.30E-I3 

3.96E-06 

5.05E-08 

2.3LE-04 

2.22E-06 

2.88E-05 

6.58E-07 

2.50E-05 

2.12E-07 

4.6 1 E-06 



PHOTCM DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSIRE 1 M LBOVE CONTAMINATED GROUND SURFACE 
I N  SV/YR P€U BO/tSWARE aCC 

YUCL? OE 

TH-232 

W-233 

TH-234 

Pb-230 

PA-231 

PA-233 

PA-234 

PA-234U 

U-230 

u-231 

U-232 

U-233 

U-234 

U-235 

U-236 

U- 237 

U-238 

U-239 

U-240 

NP-235 

NP-236 

NP-236U 

NP-237 

NP-238 

NP-239 

HALF-L I FE 

1.405E10 Y 

22.3 W 

24.10 0 

17.4 0 

3.276E4 Y 

27.0 0 

6.70 H 

1.17 M 

20.8 0 

4.2 0 

72 Y 

1.592E5 Y 

2.44SE5 Y 

7.038E8 Y 

2.3415E7 Y 

6.75 0 

4.468E9 Y 

23.40 M 

14.1 H 

396.1 0 

I.15E6 Y 

22.5 H 

2.14E6 Y 

2.117 0 

2.355 0 

AOREN ALS 

4.86E-08 

8.06E-06 

1.79E-06 

1 . 5 2 ~ 4 4  

7.45E -0 6 

5.25E-05 

4 . 4 9 E 4 4  

2.60E-06 

2.73E-07 

1 . 6 1 E 4 5  

7.31E-08 

5.96E-08 

4.50E-08 

3.7bE-05 

3.62E-08 

3.23E-0 5 

3.14E-08 

1 0% - 0 5  

2.19E-07 

5.09E-07 

3 . 1 2 E 4 5  

1.20E-05 

5.42E-06 

1 24E-O 4 

4.07E-05 

BLAOOER 

3.7bE-08 

7 6 BE-0 6 

1.8 1 E-06 

1 47 E-04 

6 86 E-06 

4.88E-05 

4 3 5 E-04 

2.536-06 

2.42E-0 7 

1 55E-05 

5.01E-08 

4.86E-08 

2.49E-08 

3 45E-0 5 

1.73E-08 

3.09 E-0 5 

1.47E-08 

1.09E-05 

1 .44E- 07 

4.OZE-07 

2.92E-05 

1 1%-05 

5.31 E-06 

1 e 2 1  E-04 

3.79E-05 

8 R  A I  N 

3 76E-08 

8.41 E-06 

1.83E-06 

1 64E-04 

7 34E-0 6 

5.29E-05 

4.86E-04 

2 84E-06 

2 54E-07 

1 61 E-05 

5.21E-08 

5.25E-08 

2 -62E-08 

3.68E-05 

1.92E-08 

3.21E-05 

1 &3E-08 

1 e 1 1 E-05 

1. LO€-or 
4.32E-07 

3.09E-05 

1 2ZE-05 

5 27E-06 

1 e36EO4 

4 04E-05 

BREAST 

7.34E-07 

1*20E-05 

4.42E-06 

2 01E-04 

1 46 E-0 5 

7.89E-05 

5 78 E-04 

3.28E-06 

1 SO€-0  6 

3.886-05 

1.15E-06 

4.30E-0 7 

9.69E-07 

5.94E-05 

9.07 E-0 7 

6.23E-05 

8rOZE-07 

2. L6E-05 

4.53E-06 

4.29E-06 

6.56 E-05 

2 .27E05  

1.66E-05 

1.55E-04 

6.93 E-05 

HEART 

3.47E-08 

7.44 E-0 6 

1 66E-06 

1.45E-04 

6.61E-06 

4. I S € - 0  5 

4.28 E-0 4 

2.50E-06 

2.32 E-0 7 

1.47E-05 

4.8 BE-0 8 

4.89 E-0 8 

2.51 E-08 

3 37 E-0 5 

1.85E-08 

2 93  E-0 5 

1.57E-08 

9.88E-06 

1.07E-07 

4.04E-0 7 

2.84E-05 

1 1 1 E-0 5 

4.84E-06 

1 2 0 6 0 4  

3.68E-05 

SMAL 1 
I NTEST INE 

2.9%- 08 

6 6 7E-06 

1.46E-06 

1 . 3 0 E 0 4  

5.91E-06 

4.23E-05 

3 88E- 04 

2.27E-06 

2 02E-07 

1.28E-05 

4.03E-08 

UPPER 
LARGE 

I N  TEST I Y E 

3.54E-08 

7.94€-06 

1.79E-06 

1 54E-04 

7.08E-06 

5.04E-05 

4.56E-04 

2.66E-06 

2 i t € - 0  I 

1. bOE-05 

4.83E-08 

5.12E-08 

2.37E-08 

3.58E-05 

1 61E-08 

3.14€-05 

1 -36E-08 

le ob€-05 

1*L5€-07 

4.19E-07 

3.05E-05 

1 20E-05 

5.34E-06 

1.2IE-04 

3. %E-05 

LOWER 
LARGE 

INTESTINE 

3.82E-08 

7.3 1 E-06 

1.60E-06 

1.41E-04 

6.60E-06 

4.69E-05 

4.19E-04 

2 W E - 0 6  

2.35E-07 

1.43E-05 

5.6 1 E-08 

5.0 2 E-08 

3.21E-08 

3.33E-05 

2.48E-08 

2 8 I E-0 5 

2 . 1 4 ~ 0 8  

9.50E-06 

1.54E-07 

4.23E-07 

2.77E-05 

1.OBE-05 

4.79E-06 

10 1IE-04 

3.62E-05 

W 
03 
Q1 



PHOTON DOSE-RATE CONVERSION FACTORS FUR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATE0 G R O W 0  SURFACE 
I 

I N  S V l Y R  PER BQlISWARE Qo 

NUCL 1 OE 

TH-232 

T i t 2 3 3  

fH-234  

PA-230 

PA-231 

pn-233 

PA-234 

PA-234Y 

U-230 

u-23 1 

U-232 

U-233 

U-234 

U-235 

U-236 

U-237 . 
U-238 

U-239 

U-240 

NP-23 5 

NP-236 

NP-236M 

NP-237 

NP-238 

-NP-239 

HALF-LIFE 

1.4OSElO Y 

22.3 M 

24.10 0 

17.4 0 

3.276E4 Y 

27.0 Q 

6.70 H 

1.17 M 

20.8 Q 

4.2 0 

72 Y 

1.592E5 Y 

2.445E5 Y 

7.038E8 Y 

2.3415E7 Y 

' 6.75 0'' 

4.468E9 Y 

23.40 M 

14.1 H 

396.1 0 

l . l S E 6  Y 

22.5 H 

2.14E6 Y 

2.117 0 

.2.355 0 

KIDNEYS 

3.99E-08 

7.99E-06 

1.86E-06 

1.53E-04 

7018E-0 6 

5.03E-05 

4.54E-04 

2.65E-06 

2.49E-07 

1.59E-05 

5.31E-08 

4.95E-08 

2.7lE-08 

3.53E-05 

1.85E-08 

3'. 19E-0 5 

1.58E-08 

1.14E-05 

1.80E-07 

4.13E-07 

2.97EQ5 

I. 18E-05 

5.7OE-06 

1.27E-04 

3.88E-05 

LIVER 

3.73E-08 

7.6 2 E-06 

1.79 E-06 

1 46 E-04 

6.79E-06 

4.86F-05 

4.32E-04 

2.52E-06 

2.41 E-07 

1.54E-05 

5.04E-08 

4.88E-08 

2.52E.08 

3.44E-05 

1.80E-08 

3.07E-05 

1.53E-08 

1.08E-05 

1.32E-07 

400bE-07 

2 9 1  E-0 5 

1 14E05  

5.18E-06 

1 .20604 

30 77E-05 

LUNGS 

5 29E-08 

8.2SE-06 

2 00E-06 

1. 5TE-04 

7047E-06 

5 29E-05 

4.62E-04 

2 69E-06 

2 . 8 r ~ - o 7  

1 73E-05 

7.72E-08 

6.12E-08 

4 69E-08 

3 76E-05 

3 78E-08 

3.40E-05 

3 2 BE-08 

1 19E-05 

2.48E-07 

5.33E-07 

3.25E-05 

1027E-05 

5 92E-06 

1.28E-04 

4 15E-05 

YARROW 

8.07E-08 

1.02E-0 s 
3.42 E-06 

1.80E- 04 

9.83E-06 

7.05 E-OS 

So 19E-04 

2. %E-06 

4.32E-07 

2.8SE-05 

L.12E-07 

9.31 E-0 8 

6.44E-08 

5.45E-05 

5 . 0 9 6 0 8  

5.27E-05 

4040E-08 

1.92E-05 

3.58E-07 

8 . 2 2 6 0 7  

5. H E - 0 5  

lo%€-05 

9.71 E-06 

1 37E-04 

6 08 E-05 

RED 
MARROW 

3. Ob E-0 8 

8.06 E-0 6 

1.39E-06 

1.55E-04 

7.36E-06 

5.2OE-05 

4.64 E-0 4 

2.70E-06 

2 27 E-0 7 

1.33E-05 

4.67E-0 8 

4.78E-08 

2.47E-08 

3.6 1 E-0 5 

1.76E-08 

2.86 E-0 5 

1.50E-08 

8. Q7E-06 

9.77E-08 

3.81E-07 

2.74E-0 5 

l o  Ob E-0 5 

4.34E-06 

1.30E-04 

3.81E-05 

O V A R I  ES 

3.67E-08 

7. LIE-06 

1.51E-06 

1 4OE-Oe 

6.20E-06 

4.4LE-05 

4.14E-04 

2.43E-06 

2.17E-07 

1 3 2E-05 

5.32E -08 

4.55E-08 

3 OTE-08 

3. OOE- 05 

2 38E-08 

2.65E-05 

2.06E-08 

9.24E-06 

1-S9E-07 

3. BEE-07 

2. S2E-05 

1.01E-05 

4 48E-06 

1.16E00 

3 33E- 05 

P ANCR EAS 

3.33E-08 

6.44E-06 

1.30E-06 

1 25E-04 

5 83E-06 

4.12E-05 

3.72E-04 

2.17E-06 

2.02E-07 

1 19E-05 

5.04E-08 

4.3TE-08 

3.00E-08 

2 90E-0 5 

2 36E-08 

2 43E-05 

2.04E-08 

7.76E-06 

1 39E-07 

3 67E-07 

2.35E-05 

9013E-06 

3.97E-06 

1 O4E-Ol 

3.13E-05 

SKELETON 

9.20E-08 

1.04E-05 

3.53E-06 

I. 84E-04 

1.01t-05 

7.20E-05 

5.29E-04 

3.00€-06 

4.58E-07 

2.95E-05 

1.30E-07 

1.OlE-07 

7.97E-08 

5.59E-05 

6. 51E-08 

5.4.lE-05 

50 6bE-OB 

1.97E-05 

4.32E-07 

9.01E-07 

5.30F-05 

2.OOE-05 

I .  01 E-05 

1.39E-04 

6.2%-05 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VAR 
I N  SV/YR PER BWtSQUARE C Y )  

NUCLIDE 

TH-232 

TH-233 

TH-234 

PA-230 

PA-231 

QA-233 

0 A-234 

PA-234M 

U-230 

U-231 

U-232 

U-233 

u-234 

U-235 

U-236 

U-237 

U-238 

U-239 

U-240 

NP-235 

NP-236 

NP-236M 

NP-231 

NP-238 

NP-239 

HALF-L I FE 

1 .405E10 Y 

2 2 . 3  M 

24.10 0 

17.4 0 

3.276E4 Y 

27 .0  0 

6 . 1 0  H 

1-11 M 

20.8 0 

4.2 0 

7 2  Y 

1.592E5 Y 

2.445E5 Y 

7.038E8 Y 

2.3415ET Y 

6 - 7 5  b 

4.468E9 Y 

23.40 M 

14.1 H 

396.1 0 

1.15E6 Y 

22.5 H 

2.14E6 Y 

2.117 0 

2.355 0 

SKIN 

1.31E-06 

1.45E - 0 5  

4.18E-06 

2.5OE-04 

1.88E-05 

8.85E-05 

7 .24E-04 

. . .  . I  

4 .19E-06 

2.36E-06 

4.3TE-05 

2.OOE-06 

T.05E-O 7 

L.TZE-06 

6 .14E-05 

1.62E-06 

6.54E-05 

1.43E-06 

2 . l T E - 0 5  

7.64E -06 

6 .95E-06 

T.23E-05 

2 . 4 3 E 4 5  

2.04E-0 5 

2 O2EQ4 

I *  3 6 E - 0 5  

. .  

SPLEEN 

3 T9E-08 

7.43E-06 

1. TOE-06 

1 42E-04 

6 .  72E-0 6 

4.80E-05 

4.20E-04 

2.4kE-06 

2.40 E- 07 

1.5OE-05 

5.43E-08 

5 . O T E - 0 8  

2.96E-08 

3.42E-05 

2.23E-08 

2.99E-05 

1.91 E-08 

1.00E-05 

1 4 2  E- 0 7 

4 25 E-0 T 

2 886-05 

1.12E-05 

5.00E-06 

1 16E-04 

3..13E-05 

OUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATED GROUNO SURFACE 

STOMACH 

3 87E-08 

7 .5  1E-06 

1 72 E-06 

1 44E-04 

6.73E-06 

4.79E-05 

4 2TE-04 

2 -49E-Ob 

2 a4 1 E-07 

1 50E-05 

5.50E-08 

5 .OSE-OB 

3.01E-08 

3 40E-09 

2.2TE-08 

2.99E-05 

1 -95E-08 

1.03E-05 

1.52E-01 

4.26E-01 

2.87E-05 

1 12E-05 

5.06 E-06 

1 19E-04 

3. T2E-05 

TESTES 

1 58E-07 

1. LSE-OS 

3 .13E-06 

2.11E-04 

1.10E-05 

7.32E-05 

6. LTE-04 

3.57 E-06 

5.52E-OT 

2.6TE-05 

2.53E-07 

L 32E-07 

Le91E-07 

5.24E-05 

I. TOE-or 

5.01E-05 

1.50E-OT 

1.79 E- 05 

1 06 E-06 

1.27E-06 

4.8lE-05 

1.84E-05 

1.00 E-0 5 

1. TOE-04 

5.91E-05 

THY MUS 

4.85 E-08 

8 5 6  E-06 

2.3 0 E-0  6 

1 6 6 E-0 4 

T.  6 5  E-0 6 

5.49E-0 5 

4.8%-04 

2 8 4 E-0 6 

2.93E-0 7 

1 9 1 E-0 5 

6.33 E-0 8 

5 90E-0 8 

3 .19E-08 

3.99E-05 

2 2 8 E-0 8 

3 - 1 2  E-0 5 

1 9 5 E -0 8 

1 3TE-0 5 

1.90E-0 7 

4 98 E-0 T 

3.53E-05 

1 38E-0 5 

6 5 5 E -0 6 

1 36 E-0 4 

4.42E-0 5 

THYRO IO 

T.39E- 08 

1 06E-OS 

2.98E-06 

2.OOE-04 

9. TTE-06 

6.90E- 05 

5.85E-04 

3.41E-06 

3.96E-07 

2.50E-05 

1.05E-OT 

8.39E- OB 

6.23E-08 

5. OTE- 05 

4 90E- 08 

4.79E- 05 

4.2 5E- 08 

1.14~- 05 

3.T6E-07 

I .  43E- 07  

4.5TE- 05 

1.TTE-05 

8.78E-06 

1.62E-04 

5.65E-05 

UTERUS 

2.9LE-08 

6.60E-06 

1.41E-06 

1.2TE-04 

5.92E-06 

4.26E-05 

3.T8E-04 

2.19E-06 

2 04E-0 7 

1.29E-05 

3 98E-08 

Q. 19s-08 

1.90E-08 

3. WE-05  

1 3 SE -0 8 

2.616-05 

1.13E-08 

8.83E-06 

8.27E-08 

3.40E-0T 

2.5 1E-05 

9 T6E-06 

6.24E-06 

1 05 E-04 

3.28E-05 

TOTAL 
BO OY 

1.55E-07 

9.09E-06 

2.41E-06. 

1 6 9  E-0 4 

6-11 E-06 

5.79E-05 

4.95E-04 

2.87E-06 

4. TTE-OT 

2.08E-05 

2.Q5E-07 

1.19E-OT 

1.9LE-07 

4.13E-05 

1. T3E-01 

3.89E-05 

1.53E-07 

1 36E-0 5 

9. T4E-0 T 

L.14E-06 

3.79E-05 

1.44E-05 

7.80E-06 

1.37E-04 

4.64E-05 

w 
03 
03 



---- - -  I -  - - ,  
-- 

PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATE0 GROUND SURFACE 
I N  SVIYR PER BQ/(SQUARE CM) 

NUCLIDE 

NP-240 

NP-24OM 

PU-236 

PU-23 T 

PU-238 

PU-239 

PU-240 

PU-241 

PU-242 

PU-243 

PU-244 

PU-245 

PU-246 

~ Y - Z C  1 

AM-242 

AM-242M 

AM-243 

AM-244 

AM-245 

AM-246 

CM-242 

CM-243 

CM-244 

CM-245 

CM-246 

HALF-LIFE 

65 M 

7.4 n 

2.851 Y 

45.3 0 

8 1 - 1 5  Y 

24131 Y 

6537 Y 

14.4 Y 

3.758E5 Y 

4.956 H 

8.26E7 Y 

10.51  H 

10.85 0 

432.2. Y 

16.02 H 

152 Y 

T.38E3 Y 

10.1 H 

122.4 n 

25.0 M 

163.2 D 

28.5 Y 

18.11 Y 

8.SE3 Y 

4.75E3 Y 

ADREN 61 S 

2 . 6 9 E 4 4  

7.66E-05 

4 . 2 0 ~ - 0 e  

1.13E-05. 

3 a 3  2E-O 8 

2.41E-08 

3.22E-08 

0.0 

2. T O E 4 8  

5.4OE-06 

2.12E-08 

9.97E*5 

2.3TE-05 

4.41E-06 

3.28E-06 

1.55E-0 T 

1. lCE-05 

1 88E-04 

7.65E-O 6 

2.19E-04 

3.84E-08 

3.1OE-05 

3.33E -0 8 

1 . 6 9 E 4 5  

2.8TE-08 

BLADDER 

2.58E-04 

7.36E-05 

1. L ~ E - O ~  

1 08E-05 

5. ~ z E - o ~ '  

1.26F-08 

6.20E-09 

0.0 

5.51E-09 

5.41E-06 

20 48E-09 

9.47E-05 

2 26 E-05 

4 94E-06 

3.04E-06 

6.22E-08 

1 21 E-05 

1 81E-04 

7.07E-06 

2.13E-04 

5.2TE-09 

2 87E-05 

3.63E-09 

1 58E-05 

2 49E-09 

BRAIN 

2.88E-04 

8.23E-05 

1.47E-08 

1.13E-05 

8.56E-09 

1.46E-08 

8.74E-09 

0.0 

7.6 8E-09 

5 5 TE-06 

4.05E-09 

1.05E-04 

2 -30E-05 

4.5 2E-06 

3 20E-06 

T.36E-08 

I 19E-05 

2 03 E-04 

7 56E-06 

2.40E-04 

9.39E-09 

3 .O7E-05 

T .33E-09 

1 67E-05 

5e32E-09 

BREAST 

3.50E-04 

9089E-05 

1 25E-06 

2 53 E-05 

1. L O € - 0 6  

4. ~ T E - O ~  

1.05E-06 

0.0  

8. ~ O E - O ~  

1.14E-05 

T o  51 E-07 

1.3lE-04 

3.82E-05 

1 . 5 0 E 0 5  

8..91 E-06 

3.20E-06 

2.80E-05 

2.46E-04 

1028E-05 

2.72E-04 

1.16E-06 

5.35E-05 

1.04E-06 

3 . 4 e ~ - o 5  

9; 22 E-0 T 

HE ART 

2.54E-04 

7.2 3E-0 5 

1 53E-08 

1.04E-0 5 

9 e 6  3 E -0 9 

1 4 2  E-0 8 

9. TOE-09 

0.0 

8.42E-09 

5.04E-06 

5.03E-09 

9.29E-05 

2.10E-05 

4 0 1 E-0 6 

2 a96 €4 6 

T.41E-08 

I 07E-05 

1.78E-04 

6.90E-06 

2.1lE-04 

1.09E-08 

2.80E-05 

8.76E-09 

1.54E-0 5 

6 .  TTE-09 

SMALL 
INTEST 1NE 

2.29E-04 

6.54E-05 

9.26E-09 

8.95E-06 

4.66E-09 

i.oeE-08 

4 0 95E- 09 

0.0 

4.43E-09 

4.43E-06 

1.8TE-09 

8.366-05 

1 89E-05 

3. TOE-06 

2.54E- 06 

5.16E-08 

9.55E-06 

1.61E-OQ 

6.07E-06 

1.92E-04 

4. T3E- 09 

2.46 E- 05 

3 38E-09 

1.33E-05 

2.2OE-09 
* .  

UPPER 
LARGE 

I N TE ST I NE 

2. TOE-04 

~ . 6 e ~ - o 5  

I .  O ~ E - O ~  

1 12E-05 

5.03E-09 

1.32E-08 

5.4ZE-09 

0.0 

4.86.509 

5 4OE-Ob 

2.OlE-09 

9.87E-05 

2. zw-os 
6 4OE-06 

3. I e€-06 

6.13E-08 

1 15E-05 

1 89E-04 

7 36F-06 

2 24E-04 

4 7TE-09 

2.98E-05 

30 266-09 

1 66E-05 

2.0TE-09 

LOWER 
LAR.GE 

INTESTINE 

2.49E-04 

T.09E-05 

2.62E-08 

1.OlE-05 

1 9 5E-0 8 

1. TIE-08 

I. 91E-08 

0.0 

1.62E-08 

4.85E-06 

1.20E-08 

9.12E-05 

2.lOE-05 

3.9 3E-06 

2.90E-06 

1.07E-01 

1.03E-05 

1.74E-04 

6.80E-06 

2.06F-04 

2.29E-08 

2.76E-05 

Lm96E-08 

1.5 1E-05 

1.66E-08 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMINATED GROUND SURFACE 
I N  SV/YR PER BWlSQUARE CHI 

NUCL I DE 

NP-240 

NP-24Oq 

PU-236 

PU-237 

PU-238 

PU-239 

PU-240 

Pu-241 

PU-242 

PU-243 

PU-244 

PU-245 

PU-24 6 

AM-24 1 

AM-242 

Af4-242M 

AM-243 

AM-244 

AM-245 

AM-246 

CM-242 

CM-243 

CM-244 

CM-245 

CM-246 

HALF-LIFE 

65 M 

7.4 M 

2.851 V 

55.3 D 

87.75 Y 

24131 Y 

6537  Y 

14.4 V 

3.758E5 Y 

4.956 H 

8.26E7 Y 

10.51 H 

10.85 0 

432.2 Y 

16.02 H 

152 Y 

7.38E3 Y 

10.1 H 

122.4 M 

25.0 M 

163.2 D 

28.5 Y 

18.11 Y 

8.5E3 Y .  

4.75E3 Y 

KIONMS 

2 69E-04 

7.67E-05 

1.34E-08 

I. 10E-05 

7.22E-09 

1.3 IE-08 

7.74E-09 

0.0 

6.7SE-09 

5.55E 4 6 

3.66E -09 

9.84E-05 

2.37E-05 

5.34E-06 

3.10E-06 

T .  21E-08 

1.25E-05 

1.89E-04 

7.24E-06 

2.24E-04 

T.51E-09 

2.95E-05 

5.59E -09 

1.61E-05 

4.47E-09 

LIVER 

2.57E-04 

7.32E-05 

1 -31E-08 

1.07E-05 

7 . l Z E O 9  

1.31E-08 

7.46E-09 

0.0 

6.59E-09 

5.38E-06 

3.24E-09 

9 42E-05 

2 2 1 E-05 

4.81E-06 

3 03E-06 

6.83E-08 

1.19E-05 

1.80E-04 

T.OSE-06 

2.12E-04 

7.61E-09 

2 86E-05 

5.73E-09 

1. 58E-05 

4.14E-09 

LUNG S 

2.7SE-04 

7.84E-05 

4.28E-08 

l.2OE-05 

3 031E-08 

2 A2E-08 

3 23E-08 

0.0 

2 T2E-08 

5 96 E-06 

2.09E-08 

1 .OLE-04 

2.41E-05 

5 -43E-06 

3 46 E-06 

1 6 1 E-07 

1.32E-05 

1.93E-04 

7. TSE-06 

2 26E-04 

3.88E-08 

3.15E-05 

3 34E-08 

1 76E-05 

2.87E-08 

MARROW 

3. 12E-04 

8.76E-05 

5.21 E-08 

L.98E-05 

3.75E-08 

3 24E-08 

3.7lE-08 

0.0 

3.15E-08 

9.88E-06 

2.24E-08 

l.2OE-04 

3.42E-05 

9.67E-06 

5.60E-0 6 

2.13E-07 

2.31E-05 

2.15E-04 

1.12E-05 

2 43E-04 

4.46 E-08 

4.57E-05 

3.78E-08 

2. 8OE-05 

3.17E-08 

REO 
MARROW 

2.77E-04 

7.9 7 E-0 5 

1.7 1 E-08 

9.46E-06 

1.2 2 E-0 8 

I. 5 1  E-08 

1.20 E-0 9 

0.0 

1.02 E-0 8 

4.39E-06 

7.25 E-09 

1.02 E-0 4 

2 2 7 E-05 

2.91E-06 

2.76 E-06 

7.95E-08 

8.44E-06 

1 9 4  E-04 

7.23E-06 

2.28E-04 

1 e42 E-08 

2.93 E-0 5 

1.2OE-0 8 

1 48E-0 5 

9.91E-09 

O V A R I  ES 

2.46E-04 

7.04E-05 

2 53 E- 08 

9 . 2 l E 0 6  

1.88E-08 

1.62E-08 

1 . 85E- 08 

0.0 

1 56E-08 

4.57E- 06 

1 1bE-08 

8.92E-05 

1.93 E-05 

3.95E-06 

2.64E-06 

L.OZE-07 

9.86E-06 

1.74E-06 

6.22E-06 

2.05E-06 

2.2lE-08 

2.53E-05 

1.89E-08 

1.36E-05 

1 60E-08 

P ANCR EAS 

2.21E-04 

6.32E-05 

2 65E-0 8 

8.39E-06 

2 06E-08 

1 6bE-08 

2.OOE-08 

0 . 0 ,  

1.68E-08 

3 98E-06 

1 30E-08 

8.09E-05 

I .  82E-05 

3.0%-06 

2 44E-06 

1.02E-07 

8.1bE-06 

1 55E-04 

5.89E-06 

1 83E-04 

2.38E-08 

2.39E-05 

2.06E-08 

1 2TE-05 

1 76E-08 

SKELETON 

3.18E-04 

8.91 E-05 

7.25E-08 

2.04E-05 

5. 54E-08 

3.98E-08 

5.42E-08 

0.0 

4.57E-08 

1.0ZE-05 

3.45E-08 

1.22E-04 

3.49E-05 

9.98E-06 

5.8 2E-06 

2. TOE-07 

2.38E-05 

2.19E-04 

1.15E-05 

2.47E-04 

6 4 SE-0 8 

4.69E-05 

5.55E-08 

2.89E-05 

4. 74E-08 



-- 

PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 H ABOVE CONTAMINATE0 GROUND SUUFACE 
IN' SV/YR PER BQ/(SQUARE CI I9  

NUCLIOE 

NP-240 

NP-24OM 

PU-236 

PU-237 

PU-238 

PU-239 

QU-240 

PU-241 

PU-242 

PU-243 

PU-244 

PU-245 

QU-246 

AM-24 1 

4-242 

brC242Y 

4M-243 

AM-244 

AM-245 

AH-246 

CrC.242 

CM-243 

CM-244 

CH-245 

CH-246 

HALF-LIFE 

65 H 

7.4 M 

2.851 Y 

45.3 0 

87.75 Y 

24131 Y 

6537 Y 

14.4 Y 

3.158ES Y 

4.956 H 

8.26E7 Y 

10.57 H 

10.85 0 

432.2 Y 

16.02 H 

152 Y 

7.3863 Y 

10.1 H 

122.4 M 

25.0 W 

163.2 0 

28.5 Y 

18.11 Y 

8.5E3 Y 

4.793 Y 

SKIN 

4.39E-04 

1 . 2 5 E 4 4  

2 . 1 9 E 0 6  

2.74E-05 

1 .94E46  

7.56E-07 

1.85E-06 

0.0 

1 -53E-06 

1 . 1 5 E 4 5  

1.33E-06 

1.58E-04 

3.94E-05 

1.73EQ5 

1.07E-05 

5.34E-06 

2.86E-05 

3.14E-li4 

1 & E 4 5  

3.5LE-04 

1.99E-06 

5.81E-05 

1 0 7 7 E 0 6  

3.74E-o 5 

1.58E-06 

SPLEEN 

2.50E-04 

7.12E-05 

2.14E-08 

1.05E-05 

1.49E-08 

1.63E-08 

1 . 48E-08 

0.0 

1 26E-0 8 

5.12E-06 

8 69E-09 

9. ZOE-OS 

2.16EO5 

4.25E-06 

3.02E-06 

9 45 F O B  

1. LOE-05 
I .  

1.75E-04 

6.99E-06 

2.05E-04 

1 75E-08 

2.84 E-05 

1.46E-08 

1.56E-05 

1 . 2 1 6 0 8  

STOMACH 

2 54E-04 

r . 22~-05  

2.20E-08 

1.05E-05 

1.53E-08 

1.63E-08 

1.5 2E-08 

0.0 

1.30E-08 

5.18E-06 

8 95E-09 

9 30 E-0 5 

2.16E-05 

4 42E-06 

3 OLE-06 

9 070E-08 

L.12E-05 

1.78E-04 

6 96E-06 

2 09E-04 

1.81E-08 

2.83E-05 

1.52E-08 

1.56E-05 

1;26E-08 

TESTES 

3.69E-04 

1.05E-04 

2.38E-07 

1.82E-05 

2.04E-07 

9.36E-08 

1.%E-07 

0.0 

1.63E-07 

8.98E-06 

1 37E-07 

1 36E-04 

3.48E-05 

9.57E-06 

5.52E-06 

7.4lE-07 

2.09E-05 

2 .58E04  

1.10E-05 

2. b E - 0 4  

2-38E-07 

4.49E-05 

2.10E-07 

2.61 E-05 

1- 86 E-07 

THY MUS 

2 87 E-04 

8.08E-05 

1 56 E -0 8 

1 33 E-0 5 

7.89 E-09 

1 53 E-0 8 

8 5 2 E-09 

0.0 

7.5 5 E-09 

6-18 E-0 6 

3.4OE-09 

1.05E-04 

2.6OE-05 

6 5 7 E-06 

3.72E-06 

7.98E-08 

1.57E-05 

2 0 2  E -04 

8 20 E-0 6 

2.3 8 E-0 4 

7.49E-09 

3.34E-05 

5.27E-09 

1.91 E-0 5 

3.64E-09 

T t k R O I O  

3 48E-OI 

9.79E-05 

5.45 E-08 

i . r 3 ~ - 0 5  

4.08E-08 

3.15E-08 

*.OLE-08 

0.0 

3.39E-08 

8.69E-06 

2.54E- 08 

1 2 9  E- Cn 

3.30E- 05 

8.58E-06 

4.94E-06 

2.22E-07 

2. OLE- 05 

2.4iE- Os 

1.05E-05 

2 84E-09 

5.02E- 00 

4 26E- 05 

4.30E-08 

2.49E-05 

3 7OE- 08 

UTERUS 

2.24E-04 

6.40E-05 

8.51E-09 

9.08E-06 

3.98E-09 

1.08F-08 

4 26E-09 

0.0 

3.88E-09 

4.48E-06 

1.42E-09 

8.23E-0 5 

1 90E-05 

3.59E-06 

2. 58E-06 

4.85E-08 

9.59E-06 

1 56E-Ol 

6. L6E-06 

1. 86E-04 

3.79E-09 

2 A9E-05 

2 54E-09 

1 36E-05 

1 42E-09 

TOTAL 
80 OY 

2.96E-04 

8.42E-05 

2.39E-07 

1.42E-05 

2.07E-07 

9.1 2 E-08 

1.98E-07 

0.0 

1.64E-0 7 

6.88E-06 

1.40E-07 

1.09E-04 

2.69E-05 

7 .  18E-06 

4.38E-06 

6.90E-07 

1.58E-05 

2.08E-04 

8.64E-06 

2.41E-04 

2..30E-07 

3.53E-05 

2.04E-07 

2.05E-05 

1.8lE-07 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS-ORGANS FOR EXPOSUIE 1 M ABOVE CONTACINATEO GROUNO SURFACE 
I N  SV/YR PER BP/(SQUARE C M l  

NUCLIDE 

CM-247 

CM-248 

CH-249 

CM-250 

8K-249 

BK-250 

8K-25 1 

CF-248 

CF-249 

CF-250 

. CF-251 

CF-252 

CF-253 

CF-254 

ES-253 

ES-254 

ES-254M 

E S-25 5 '  

FM-254 

FM-255 

FM-256 

HALF-LIFE 

1.56E7 Y 

3.39E5 Y 

64.15 M 

6.9E3 Y 

320 0 

3.222 H 

57.0 M 

333.5 0 

350.6 Y 

13.08 Y 

9 . O E 2  Y 

2.639 Y 

17.81 0 

60.5 0 

20.467 0 

275.7 0 

39.3 H 

39.8 0 

3.240 H 

20.07 H 

157.6 M 

AORENALS 

7.79E-05 

2.41E-08 

4.51E-06 

0.0 

0.0 

1.99E-04 

0.0 

2.79E-08 

8.10E-05 

3.19E-08 

2.84E-05 

2.86E-08 

4.7lE-10 

3 0 3E-12 

9.03E-0 8 

9.86E-07 

1.33E-04 

2.14E-09 

3.89E-08 

5.93E-0 7 

0.0 

BLAODER 

7.28E-05 

3.29E-09 

4.29E-06 

0.0 

0.0 

1 e94EO4 

0.0 

1 52 E-09 

7.5 4 E-0 5 

5 8 1 E-09 

2 63E-05 

4 . 3 2 6 0 9  

2.03E-11 

4 26 E-1 2 

6.75E-08 

6 40 E- 0 7 

1 27E-04 

1.53E-10 

9.54E-09 

3 83E- 0 7 

0.0 

BRAIN' 

8.02E-05 

5 80 E-09 

4.79E-06 

0.0 

0.0 

2 19E-04 

0 .o 

4 90E-09 

8.29E-05 

9.6 TE-09 

2 80E-05 

7 78E-09 

8.48E-11 

2.68E-12 

7 44E-00 

6.97E-07 

1.43E-04 

4.02E-10 

1 M E - 0 8  

4.12E-07 

0.0 

8REAST 

1.02E-04 

7.32E-0 1 

5.70E-06 

0.0 

0.0 

2. *6E-04 

0.0 

0.19E-07 

1.09E-04 

8.16E-07 

5 . l lE -05  

7.59E-07 

1 . 3 8 E 0 8  

1.08E-11 

5.82E-07 

1.146-05 

1 68E-04 

5.93E-08 

8.30 E-07 

7.06E-06 

0.0 

HE ART 

T. 1 0 E-05 

6.73E-09 

4.2 1 E-0 6 

0 .o 

0.0 

1 92 E 0 4  

0.0 

6.44E-09 

1.3bE-0 5 

1 . 0 7 E-0 8 

2.57 E-0 5 

8.83E-09 

1.10E-1 0 

2.43E-12 

6.92E-08 

6.52E-07 

1 25E-04 

5.18E-10 

1 5 2E-08 

3 89 E-0 7 

0.0 

SMALL 
INTEST I N €  

6 38E-05 

2.91E-09 

3.79E-06 

0.0 

0.0 

1.75E-04 

0.0 

1 76E-09 

6 60E-05 

5.4SE-09 

2.25E-05 

4.13E-09 

2.92E-11 

2.59E-12 

5.92E-08 

5 35 E-07 

1.13E-06 

1 63E- 10 

8.88E-09 

3.12E-07 

0.0 

UPPER 
LARGE 

I NTESTTNE 

1.53E-05 

2.93E-09 

4.47E-06 

0.0 

0.0 

2.04E-04 

0 .0  

1.31E-09 

1.00E-05 

5.68E-09 

2 T4E-05 

4.10E-09 

1 -98E-11 

3.35E-12 

6 9TE-00 

6.21E-07 

1 33E-0 4 

1 30E-10 

9.62E-09 

3 .  ToE-or 
0.0 

LOWER 
U R G E  

INTESTINE 

T. 00E-05 

1.43E-08 

4. I2E-06 

0.0 

0.0 

1.88E-04 

0.0 

1.64E-08 

f .  27E-05 

2.02E-08 

2.52E-05 

1.77E-08 

2.77E-LO 

2.65E-12 

7.49E-08 

T.72E-07 

1.22E-04 

1. t8E-09 

2.59E-08 

4.63E-07 

0.0 

W m 
N 



PHOTON OOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE CONTAMI.NATE0 GROUNO SURFACE 
I N  SV/YR PER BQI(SQUARE Cnl 

NUCLIDE 

CM-24f 

.CM-248 

CM-249 

CM-250 

8K-249 

BK-250 

8K-251 

CF-248 

CF-249 

CF-250 

CF-251 

Cf-252 

CF-253 

CF -254 

ES-253 

ES-254 

ES-254M 

ES-255 

FM-25 4. 

F M-25 5 

FM-256 

HALF-LIFE 

1 . 5 6 ~ 7  Y 

3.39E5 Y 

64.15 H 

6.9E3 Y 

320 Q 

3.222 H 

51.0 H 

333.5 0 

350.6 Y 

13.08 Y 

9.OE2' Y 

2.639 Y 

17.81 D 

60.5 0 

20.467 o 

tr5.r o 

39.3 H 

39.8 0 

3.240 H 

20.01 H 

151.6 M 

KIDNEYS 

1 . 5 x - 0 5  

4.74E-09 

4.46E-06 

0.0 

0.0 

2.04E-04 

0.0 

4.15E-09 

7 . ~ 9 ~ 4 3 5  

8.24E -0 9 

2.68E-05 

6.63E-09 

6. orE-11 

5 26E -1 2 

T . l l E - 0 8  

r . o ~ * r  
1.33E-04 

3 . 9 7 ~  -1 0' 

1.36E-08 

4 . 3 1 ~ - 0 r  

0.0 

LIVER 

r . 2 4 ~ - 0 5  

4 . r 3 ~ - 0 9  

4 .  ~ ~ - 0 6  

0.0 

0.0 

1.93E-04 

0.0 

3. rr~-09 

r . 5 1 ~ - 0 5  

8.2OE-09 

2 .62E-05 

6.546-09 

6.16E-11 

3.60E-12 

6.89E-08 

6.66E-07 

I. 2 1 ~ - 0 4  

3.34E- 10 

1.28E-08 

4.1m-01 

0.0 

LUNGS 

7.80E-05 

2 .44E-08 

4.58E-06 

0.0 

0.0 

2 . 06 E-04 

0.0 

2.83E-08 

8 10 E-0 5 

3.29E-08 

2.90E-05 

2 95E-08 

4.77E-10 

3.98E-12 

~ . w E - o ~  

1.05E-06 

1 36E-04 

2.20E-09 

4.09E-08 

6 . m - 0 1  

0.0 

MARROW 

9.45E-05 

2.80E-08 

5.23E-06 

0.0 

0.0 

2 20E-04 

0.0 

3.21 E-08 

9.95E-05 

4.02E-08 

4.37E-05 

3.55E-08 

5.38E-10 

r . 1 5 ~ - 1 2  

1.2OE-07 

1 . 4 1 ~ - 0  t 

1.51E-04 

2 56E-09 

5.28E-08 

9 . 8 9 ~ - o r  

0.0 

REO 
MARROW 

8.02 E-0 5 

8.82 E-0 9 

4.66E-06 

0.0 

0.0 

2.08E-04 

0.0 

9 6 6 E -0 9 

8.3 1 E-0 5 

1 30 E-08 

2.6 2E-0 5 

1.1 1 E-0 8 

1.65E-10 

i . r 3 ~ - 1 2  

7 . 8  SE-o 8 

6.12 E-o r 
1 38 E-0 4 

7.53E-LO 

1. rs  E-o 8 

3.sr~-or 

0.0 

O V A R I  ES 

6 e EO€-05 

1.39E-08 

4.11E-06 

0.0 

0.0 

I .  87E-06 

0.0 

1.6OE- 08 

r.ooE-05 

1 95E-08 

2.29E-05 

1. ~ Z E - 0 8  

2.69E- 10 

2.89E- 12 

6.82E-08 

7.40E-07 

1.23E-04 

1 26E-09 

2. S lE -08  

4 . 4 6 ~ - o r  

0.0 

P AYCREAS 

6.25E-05 

1.49E-08 

3.67E-06 

0.0 

0.0 

1.67E-04 

0.0 

1.71C-08 

6.47E-05 

2 01 E-08 

2. 17E-05 

I. r w - 0 8  

2 90E-10 

L.'98€-12 

6.74E-08 

6.9OE-07 

1.09E-09 

1.31E-09 

2.49E-08 

4 .  O ~ E - O ~  

0.0 ' 

SKELETON 

9.6 1E-05 

4.06E-08 

5.31 E-06 

0.0 

0.0 

2.23E-04 

0.0 

4.66E-08 

1.OlE-04 

5.48E-08 

4.50E-05 

4.90E-08 

r. t35~-10 

r .  2 9 ~ - 1 2  

i.31~-07 

1.68E-06 

1.54E-04 

3.63E-09 

6.82E-08 

1.12E-06 

0.0 



PHOTON DOSE-RATE CONVERSION FACTORS FOR VARIOUS ORGANS FOR EXPOSURE 1 M ABOVE ~CONTLIMINATEO GROUND SURFACE 
I N  S V I Y R  PER BQ/(SQUARE C Y )  

NUCLIDE 

CM-247 

CM-248 

(311-249 

CH-250 

BK-249 

8K-250 

8K-25 1 

CF-248 

CF-249 

Cf-250 

CF-251 

CF-252 

Cf -253 

CF-254 

ES-253 

ES-254 

ES-254Y 

ES-255 

FM-254 

FM-255 

FM-256 

HALF-LIFE 

1.56E7 Y 

3.39E5 Y 

64.15 M 

6.9E3 Y 

320 0 

3.222 H 

57.0 M 

333.5 0 

350.6 Y 

13.08 Y 

9.OE2 Y 

2.639 Y 

17.81 0 

60.5 O 

20.467 0 

275.7 0 

39.3 H 

3 9 0 8  0 

3.240 H 

20.07 H 

151.6 M 

SKIN 

1.ZOE-04 

1 2% -06 

7.09E-06 

0.0 

0.0 

3.19E-04 

0.0 

1.36E-06 

1.29E-04 

1.35E-06 

5.38E-05 

1.26E-06 

2.31E-08 

leO7E-11 

8.93E-07 

1.8OE-05 

2.15E-04 

9076E-08 

1.33E-06 

1.09E-05 

0.0 

SPLEEN 

7.12E-05 

1.09E-08 

4.16E-06 

0.0 

0 .o 

1 87E-04 

0.0 

1.2OE-08 

7.39E-05 

1.6 1E-08 

2.61 E-05 

1.39E-08 

2.03E-10 

2.88F- 12 

7.37E-08 

7 4 1  E-0 7 

1.23E-04 

9.53E-10 

2.17E-08 

4.48 E-07 

0.0 

STOMACH 

7.15E-05 

1.13E-08 

4 22  E-06 

0.0 

0.0 

1.91E-04 

0.0 

1.27E-08 

7.41 E-05 

1 68E-08 

2.59E-05 

1.46E-08 

2.13E-LO 

3.13E-12 

7.366-08 

7 58E-07 

1.25E-04 

1 01 E-09 

2 2TE-08 

4.62E-07 

0 .o 

TESTES 

1 05 E-04 

1. 5OE-07 

6.14E-06 

0.0 

0.0 

2.72E-04 

0.0 

1 82 E-07 

1-10 E-04 

1.86E-07 

4.17E-05 

1.72E-07 

3.06'309 

8.27E-12 

2.09E-07 

3.37E-06 

1 B2E-04 

1.38E-08 

2.11E-07 

2.16E-06 

0.0 

THY nus 

7.93 E-0 5 

4.68E-09 

4 71 E-0 6 

0 .o 

0.0 

2.1 8 E-04 

0.0 

2 53 E-09 

8.25 E-0 5 

8 06  E-0 9 

3.10E-05 

6.19E-09 

3.63E-11 

5.53E-1'2 

7. IO€-08 

7.86 E-07 

1.40E-04 

2.46E-10 

1.30E-0 8 

4.97 E-0 7 

0.0 

THYRO I O  

9.80E-OS 

3.16E-08 

5.74E-06 

0.0 

0.0 

2.59E- OI 

0.0 

3.86E-08 

1.02E-04 

4.52E-08 

3.99E-05 

4.04E-08 

6.45E- 10 

7.19E-12 

1.20E-07 

1 48 E-06 

1. I O € - 0 4  

3.10E-09 

5.9lE-08 

9.69E-07 

0.0 

UTERUS 

6.36E-05 

2.29E-09 

3 72E-06 

0.0 

0.0 

1 69E-04 

0.0 

7.79E-10 

6.60E-OS 

4.59E-09 

2.28F-05 

3 2?€-09 

1 34E-11 

2.37E-12 

5.94E-08 

5.ZOE-07 

1 LO€-04 

7.67E-11 

7.60E-09 

3.01E-07 

0.0 

TOTAL 
BOOY 

8.38E-05 

1.45E-07 

4.90E-06 

0.0 

0.0 

2.19E-04 

0.0 

1.69E-07 

8.75E-05 

1.72E-07 

3.28E-05 

1.59E-07 

2.86E-09 

5.65E-12 

1.7OE-07 

2.93E-06 

1; 46E-04 

1.26E-08 

1. E?€-07 

1.84E-06 

0.0 

w 
W 
P 



ELECTRON DOSE-RATE CONVEqSICN FACTORS FOR SKIN FOR EXPOSURE 1 M ABOVE CONTA~INATEO GROUND SURFACE 
IN S V / Y R  PER BQ/(SQUARE 041 

NUCL ID€ 

H-3 
BE-7 
BE-10 
c-11 
C-14 
N-13 
N-16 
0-15 
F-18 
NA-22 
N A-2 4 
MG-27 
MG-28 
AL-26 
AL-28 
SI-31 
SI-32 
P-32 
-33 
5-35 
CL-36 
CL-38 
A R-3 7 
AR-39 
AR-41 
K-40 
K-42 
K-43 
C A - 4 1  
CA-45 
C A-47 
CA-49 
SC-44 
SC-46 
SC-46M 
sc-47 
SC-48 
sc-49 
1 1 - 4 4  
11-45 
T 1-51 
V-48 
v 4 9  
V-52 
C R 4 9  
CR-51 
MN-52 
MN-52M 
MN-S3 

HM.F-LIFE 

12.28 Y 
53.44 0 
1.6E6 Y 
20.48 M 

5.73E3 Y 
9.97 M 
7.13 S 

122.24 s 
109.74 M 

2.602 Y 
15.00 H 

20.91 H 
7.2E5 Y 

157.3 M 
3.3E2 Y 
14.29 0 
25.4 0 

87.44 0 
3.01E5 Y 

9.458 M 

2.240 n 

37.21 n 
35.02 D 

1.827 H 
1.277E9 Y 

12.36 H 
22.6 H 

1.03E5 Y 
162.7 0 
4.536 0 
8.719 M 
3.927 H 
83.80 0 
18.72 S 
3.422 0 
43.67 H 

57.4 M 
47.3 Y 
3.08 H 

5.752 M 
15.971 0 

330 0 
3.75 M 

42.09 M 
27.701 0 

5.591 0 
21.4 M 

3.7E6 Y 

269 Y 

FRONT OF 
O E R M I S  

0.0 
0.0 
4.38 E-0 5 
9.70E-04 
0.0 
1.64E-03 
5.74E-03 
2.84E-03 
1.48E-04 
4.17E-05 
1.99E-03 
2.67E-03 

l.32E-03 
4.22E-03 
2.20E-03 
0.0 
2.64E-03 
0.0 
0.0 
2.43E-04 
3.98E-03 
0.0 
7.89E-05 
1.49E-03 

3.76E-06 

1. sr E-03 
4.41 E-03 
5.52E-04 
0.0 
0.0 
7.25E-04 
3.22E-03 
2.27E-03 
7.66E-08 
0.0 
2.52E-05 
1 35 E-04 
3.11 E-03 
0.0 
1 10 E-03 
3.23E-03 
1.5SE-04 
0.0 
3.80E-03 
2.26E-03 
0.0 
2.44E-05 
4.00E-03 
0.0 

MIDPOINT OF 
DER nr s 

0.0 
0.0 
2.50E-08 
1.96E-04 
0.0 
5 . 6 4 5 0 4  
4.55E-03 
1.52E-03 
1.60E-06 
1.81E-06 

1 . 4 1 6 0 3  
1 e 68 E-07 
4.39E-04 
2.93E-03 
1 0 1 E-03 
0.0 
1 . 3 9 5 0 3  
0.0 

8 . 4 5 6 0 4  

0.0 
9.65E-06 
2.86E-03 
0.0 
9 . 7 7 6 0 8  
5.15E-04 
6.13E-04 
3.16E-03 
9. 12E-05 
0.0 
0.0 
3.30E-04 
1.96E-03 
1 . 0 5 5 0 3  
3 . 4 8 5 0 8  

' 0.0 
1. ohE-01 
.2.34E-06 
1.82E-03 
0.0 
2.81E-04 
1.9SE-03 
5. ME-06 
0.0 
2 .52603  

, .1 .06603 
0.0 
3.93E-08 
2 . 7 1 E 0 3  
0.0 

BACK OF 
D E W !  S 

0.0 
0.0 
0.0 
2.26E-05 
0.0 
1 56E-04 
3.73E-03 
7.86E-04 
0.0 
1.28E-06 
3.23E-04 
7.19E-04 
8.+OE-09 
1.15E-04 
2.08E-03 
4.32E-04 
0.0 
7.04E-04 
0.0 ~~. 

o..o 
1.72E-08 
2.22E-03 
0.0 
0.0 
1.50E-04 
2.09E-04 
2.36E-03 
1.95E-05 
0.0 
0.0 
1.89E-04 
1.21E-03 
4.46E-04 
1.46E-08 

. 0.0 
0.0 
1.02E-LO 
1.07E-03 
0.0 
4.85E-05 
1 . 18E-0 3 
4.08E-09 
0.0 
1 7OE-03 
4 . 6 0 6 0 4  
0.0 
0.0 . 
1.87E-03 
0.0 

AVERAGE OVER 
DERMIS 

0.0 
0.0 
1.10E-05 
2.96E-04 
0.0 
6.7bE-04 
4 61  E-03 
1.62E-03 
3.78E-05 
8.38E-06 

I .50E-03 

5.32E-04 
3.00E-0 3 
1 11 E-03 
0.0 
1.48E-03 
0.0 
0.0 
4.69E-0 5 
2.94E-03 
0.0 
1.98E-0 5 
6.17E-04 

3.24E-03 
1.56E-04 
0.0 
0.0 
3.72E-04 
2 O4E-03 
1.15E-03 
3.84 E-0 8 
0.0 
6.35E-06 
2.4OE-05 
1.91E-0 3 
0.0 
3.78E-04 
2.03E-03 
2.94E-OS 
0.0 
2.59E-03 
1.16E-03 
0.0 
6.13E-06 
2.78E-03 
0.0 

9.49 E-0 4 

7 39E-07 

r . 0 4 ~ - 0 4  

DEPTH OF 
70 YICPDNS 

0.0 
0.0 
3.77E-05 
9.26'5-04 
0.0 
1.59E-03 
5.69E-03 
2.78E-03 
1.34E-04 
3.60E-05 
1.96E-03 
2.61'2-03 

1.28E-03 
4.16E-03 
2.14E-03 
0.0 
2.58E-03 
0.0 
0.0 
2.23E-04 
3.93E-03 
0.0 
6.89E-05 
1.45E-03 
1 5 2E-03 
4.36E-03 
5.22E-04 
0.0 

3.07E-06 

. . ~  

0.0 
7.01E-04 
3.17E-03 
2.22E-03 

0.0 
2.22E-05 
1.22E-04 
3.05E-03 
o..o 
1.05E-03 
3.1.8E-03 
1.42E-04 
0.0 
3.75E-03 

7 . 4 1 ~ -  08 

2.21E-03. 
0.0 
2.14E-05 
3.94E-03 
0.0 
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ELECTRON DOSE-RATE CONVERSIaY FACTORS FOR S K I N  FOR EXPOSURE 1 M ABOVE CONTAMINATE0 aOUND SURFACE 
I N  SV/VR PER BQ/(SQUARE CMt 

NUCLIDE 

KR-8 1 
KR-83M 
KR-85 
KR-8SM 
KR-87 
KR-88 
KR-89 
KR-90 
Re-81 
R 8-8 2 
Re-83 
RB-84 
R8-86 
RB-87 
RB-88 
Re-89 
Re-90 
RB-SOM 
SR-82 
SR-85.  
SR-85M 
SR-87M 
SR-89 
SR-90 
SR-9 1 
SR-92 
SR-93 
Y-86 
Y-87 
Y-88 
Y-90 
Y-9OM 
Y-91 
V-91 M 
Y-92 
Y -93 
ZR-86 
ZR-88 
ZR-89 
ZR-93 
ZR-95 
ZR-97 
N0-90 
NB-91 
'N 8-91 M 
NB-92 
N0-92M 
N0-93M 
NB-94 

HALF-LIFE 

2.1E5 Y 
1.83 H 

10.72 Y 
4.48 H 
76.3 M 
2.84 H 
3.16 M 

32.32 S 
4.58 H 
1.25 M 
06.2 0 
32.9 0 

18.66 0 
1.73ElO Y 

17.8 M 
15.44 M 

157 S 
258 S 

64.84 0 
25.0 D 

67.66 M 
2.805 H 
50.55 0 

28.6 Y 

' 2.71 H 
7.3 M 

14.74 H 
80.3 H 

9.5 H 

106.60 0 
64.1 H 
3.19 H 

48 -51  0 
49.71 M 

3.54 H 

16.5 H 
83.4 D 

78.43 H 
1.53E6 Y 
64.02 0 
16.90 H 
14.60 H 

10.1 n 

1E4 Y 
6 1  0 

3.6E7 Y 
10.15 0 

14.6 Y 
2.03E4 V 

FRONT OF 
DERMIS 

0.0 
0.0 
2.78E-04 
3.85E-04 
*.Ob€-03 

4.04E-03 
4.13E-03 
4.41E-04 
4.48E-03 
0.0 
5.llE-04 
2.48E-03 
0.0 
5m15E-03 
3.20E-03 
4.80E-03 
4. WE-03 
0.0 
9.73E-06 
0.0 
4.33E-06 
2.18E-03 
5.07E-05 
2. ME-03 
1.49E-04 
3.13E-03 
7.95E-04 
2.55E-06 
1.47E-06 
3.41 E-03 
8. 88E-05 
2. 27E-03 
1.06E-04 
4.38E-03 
3.94E-03 
0.0 
9.2SE-07 
2.51E-04 
0.0 
7.21E-06 
2.57E-03 
1 ME-03 
0.0 
0.0 
5.62E-06 
0.0 
0.0 
8.81E-06 

7.85E-04 

MIDPOINT OF 
OERMI S 

0.0 
0.0 
9.54E-06 
4.53E-05 
2 86 E-03 
5.06E-04 
2.86E-03 
2.90E-03 
1. 16E-04 
3.24E-03 
0.0 
2 32 E-04 
lm38E-03 
0.0 
3.97E-03 
2.04E-03 
3.61E-03 
2.87E-03 
0.0 
0.0 
0.0 . 
0.0 
1.06E-03 
2.16E-08 
1.18E-03 
7.OlE-05 
1.90E-03 
3.90E-04 
0.0 
l.lSE-07 
2.18E-03 
0.0 
L.14E-03 
1.89E-06 1 

3.17E-03 
2.72E-03 
0.0 
0.0 
5. WE-05 
0.0 
1.39E-06 
1.43E-03 
6.42E-Ol 
0.0 
0.0 
9.82E-08 
0.0 
,o. 0 
1.63E-06 

BACK OF 
DERMIS 

0.0 
0.0 
4.83E-09 
1.80E-06 
2.12E-03 
3.52E-04 
2.12E-03 
2.10E-03 
2.08E-05 
2.41E-03 
0.0 
1. LIE-04 
7.62E-04 
0.0 
3.19E-03 
1.39503 
2.84E-03 
2.12E-03 
0.0 
0.0 
0.0 
0.0 
4.87E-04 
0.0 
6.99E-04 
*.lo€-0 5 
1.19E-03 
1.98E-04 
0.0 
1.09E-09 
1. 43E-03 
0.0 
5.46E-04 
0.0 
2.39E-03 
1.94E-03 
0.0 
0.0 
1.OOE-05 
0.0 
1.56E-07 
7.92E-04 
2 79E-01 
0.0 
0.0 , 

0.0 . 
0.0 
0.0 
3.01E-08 

AVERAGE 9VER 
O E R M I S  

0.0 
0.0 
5.27E-05 
9.47E-05 
2.93E-03 
S.27E-04 
2.93E-03 
2.97E-0 1.5 4 E-04 3 

3.3lE-03 
0.0 
2.59E-04 
1.CbE-03 
0.0 
4.04E-03 
2.1 ZE-03 
3.68E-03 
2 e94E-03 
0.0 
2.26E-06 
0.0 
1 .69E-06 
1.16E-03 

1 2b E-0 3 

1.99E-03 

6.58E-07 
'3.22 E-07 
2.26E-03 
1 76E-05 
1.23E-03 
2.70 E-0 5 
3 24E-0 3 
2.79E-03 
0.0 
4.84E-08 
8.01E-05 
0.0 
2.15E-06 
1.51E-03 
7.OLE-04 
0.0 
0.0 
1.43E-06 I 

0.0 
0.0 
2.56E-06 ' 

1.27E-05 

7.84E-05 

4.26E-04 

DEPTH OF 
70 MICRONS 

0.0 
0.0 
2 5 6E-04 
3.63E-04 
3.99E-03 
7.7lE-04 
3.99E-03 
4.08E-03 
4.24E-04 
4.43E-03 
0.0 
4.97E-04 
2.43E-03 
0.0 
5. LO€-03 
3. I5E-03 
4.756-03 
4.01E-03 
0.0 
8.99E-06 
0.0 
2.53E-06 
2. 13E-03 
4.3bE-05 
2.12E-03 
1.42E-04 
3.08E-03 
7.76E-04 
2.28E-06 
1.38E-06 
3.36E-03 
7.91E-05 
2.22E-03 
1.OOE-04 
4.33E-03 
3.89'2-03 
0.0 
5.67E-07 
2.40E-04 
0.0 
6.8 7E -0 6 
2.52E-03 
1.33E-03 
0.0 
0.0 
5.33E-06 
0.0 
0.0 
7.89E-06 



ELECTsOW 00SERATE C O W H S I ~  CACTORS FOR SKIN FOR EXPOSURE 1 II MOW COntAMINATtO GROUND SURFACE 
I N  S V ~ Y R  PER B Q ~ ~ S Q U A R E  00 

NUCL I DE 

N8-94W 
ns-95 
N8-9SM 
Ne-96 
NB-97 
Ne-97M 
MO-91 
no-93 
MO-99 
0-101 
TC-95 
TC-9SM 
TC-96 
TC-9bM 
TC-97 
TC-97M 
TC-98 
TC-99 
TC-99M 
TC-101 
RU-97 
RU-103 
RU-105 
RU-106 
RH-10% 

'RH-105 
RH-lO5M 
RH-IO6 
PO-103 
PO-107 
PO-109 
AG-106M 
A t - 1  08 
AG-108M 
AG-109M 
AG-1 IO 
AG-11 On 
AG-111 
CO-109 
C O - l l l M  
CO-113 
CO-ll3W 
co-115 
co-1 1% 
CO-117 
CO-117M 
IN-111 
IN-113M 
IN-114 

HALF-I. I FE 

6.26 M 
33-06 0 

86.6 H 
23.35 H 
72.1 M 

15.49 M 
b.SE3 Y 
66-02 H 
14.61 M 
20.0 H 

6 1  0 
4.28 0 
51.5 M 

2.6E6 Y 
89 0 

4.2Eb Y 
2.13ES Y 

6.02 H 
14.2 M 
2.9 0 

39.35 0 
4.44 H 

368.2 0 
56.119 M 

35.36 H 
45 s 

29.92 5 
16.961 0 

6.SE6 Y 
13.453 H 

8.46 0 
2.37 M 

39.6 5 
24.57 5 

249.85 0 
7-46 0 
464 0 

4 L 7  M 
9.3ElS Y 

13.7 Y 
53-46 H 
44.6 0 
2.49 H 
3036 H 
2.83 0 

1.658 H 
71.9 S 

60 S 

127 Y 

FRONT OF 
OERM IS 

6.61 9-06 
4.81C-06 
7.989-05 
2.9oE-04 
1.WE-03 
6.92E-05 
4. Sit-03 
0.0 
1.16E-03 
1 16 E-03 

1. ME-06 
4.52C-06 
0.0 
0.0 
0.0 
1.2lE-OS 
0.0 
0.0 
I.%€-03 
0.0 
1.30E-05 
1.17E-03 
0.0 
0.0 
2 98 €-OS 
0.0 
4. +5€-03 
0.0 
0.0 
9.20E-04 
5.93E-06 
2.26E-03 
1.45E-OS 
0.0 
4 03E-03 
1.35E-OS 
8.6lE-04 
0.0 
0.0 
0.0 
5.32E-05 
7.02E-04 
2.23E-03 
1.24E-03 
1.94E-04 
0.0 
6. %E-06 
2.90E-03 

$. 33E-06 

MIOPOINT OF 
OERNIS 

2.2bE-06 
2.02E-ob 
2.79E-05 
1.88E-05 
5.67E-04 
2.74E-OS 
3.32E-03 
0.0 
3.96E-W 8 

7.89E-04 
1.87E-06 
8.93508 
2.ME-Ob 
0.0 
0.0 
0.0 
3.34E-Ob 
0.0 
0.0 
S.88E-04 
0.0 
3.76E-07 
3. 64E-04 
0.0 
0.0 
be43E-08 
0.0 
3.19E-03 
0.0 
0.0 
2.19E-M 
0.0 
1.13E-03 
2.62E-ob 
0.0 
2.7TE-03 
1.4LE-06 
2.02 E- 04 
0.0 
0.0 
0.0 
1.3SE-07 
1 94E-04 
1.10E-03 
6.96E-04 
5.53E-05 
0.0, I 

0.0 
1.67E-03 

BACK OF 
OERMIS 

6 39E-07 
2. 16E-07 
-7.69E-06 
3.81 E-07 
1.79E-04 
1 WE-06 
2. W€-03 
0.0 . 
1.1lE-04 
4. 49E-04 
2. ME-07 
2.13E-10 
2.69E-0 7 
0.0 
0.0 
0.0 
1.44E-07 
0.0 
0.0 
1.97E-04 
0.0 
1 12E-09 
9.1bE-OS 
0.0 
0.0 
0.0 
0.0 
2.37E-03 
0.0 .. . 

0.0 
3. SO€-OS 
0.0 
5.42E-04 
6 63E-08 
0.0 
1.95E-03 
0.0 
3.2lE-05 
0.0 
0.0 
0.0 
0.0 
4.18E-05 
5.18E-04 
$0 O6E-04 
2. H E 0 5  
0.0 
0.0 
9.59E-04 

AV%RAGE OVER 
OERMIS 

2.7lE-06 
2.19E-06 
3.32E-05 
6 1OE-0 5 
6 064E-04 
3-01 E-OS 
3 038 E-03 
0.0 
40 76E-04 
8 61 E-0 4 
2 0 OOE-Ob 
3.28E-07 
Z.16E-06 
0.0 
0.0 
0.0 
4 26 E-0 6 
0.0 
0.0 
6 82E-04 
0 .O 
2 42E-06 
4.52E-04 
0.0 
0.0 
7.47E-06 
0 .O 
3 2 ?E-03 
0.0 
0.0 
3 .OS€-04 
1.26E06 
l.22E-03 
4.17E-06 
0.0 
2.84E-03 
4 03E-0 6 
2 83E-04 
0.0 
0.0 
0.0 
1 34E-0 5 
2 053E-04 
1*19E-03 
7.39E-04 
7.3SE-05 
0 .O 
3.32E-07 
1 .'IS€-03 

UEPTH OF 
70 MICRONS 

6. 4oE-06 
4.72E-06 
7.73E-05 
2. 7OE-04 
1.49%-03 
6.78E-OS 
4. +BE-03 
0.0 
1.13E-03 
1.52E-03 
4.25E-06 
lest€-06 
4. ME-06 
0.0 
0.0 
0.0 
1.18E-05 
0.0 
0.0 
1.50E-03 
0.0 
1.19E-05 
1.13E-03 
0.0 
0.0 
2.59E-OS 
0.0 
4. 39E- 03 

0.0 
8.82E-04 
5.40E-06 
2.21E-03 
1.37E-05 
0.0 
3.97E-03 
L24E-05 
8.25E-04 
0.0 
0.0 
0.0 
4.67E-05 
6.746-06 
2.18E-03 
10228-03 
1 e84E-04 
0.0 
3.19E-06 
2.84E-03 

0.0 . 

w to 
03 



ELECTRON DOSE-RATE CONVERSIO( FACTORS FOR SKIN FOR E'XPOSURE 1 M ABOVE CO?JTAHINATEO GROUNO SURFACE 
I N  SV/YR PER BQ/(SWARE 01) 

NUCLIDE 

lN-114M 
IN-115 
IN-ll5M 
I W-116M 
1-117 
IN-117M 
SN-113 
SN-ll7M 
SN-119M 
SN-123 
SN-125 
SN-126 
SS-117 
SB-122 
SS-124 
SB-125 
58-126 
SB-126M 
SS-127 
58-129 
TE-121 
TE-121M 

TE-12 3 M  
TE-125M 
TE-127 
TE -1 2 7M 
TE-129 
TE-129M 
TE-131 
TE-13 1 M  
TE-132 
TE-133 
TE-133M 
TE-134 
1-122 
1-123 
1-124 
1-125 
1-126 
1-128 
1-129 
1-130 
I - u 1  
1-132 
1-13) 
1-134 
1-13s 
1-136 

w 1 2 a  

HALF-LIFE 

49.Sl 0 
4.6E15 Y 

4.36 H 
54.15 W 
43.8 M 

l i 6 . 5  M 
u 5 ; 1  0 
13.60 0 
293.0 0 
129.2 0 
9.64 0 

l.OE5 Y 
2.80 H 
2.70 0 

60.20 0 
2.77 Y 

. 12.4 0 
19.0 M 
3.85 0 
4.40 H 
16.8 0 

154 0 
l E 1 3  V 

119.7 0 
58 0 

9.35 H 
109 0 

69.6 M 
33.6 0 
25.0 M 

78.2 H 
12.45 M 

55.4 M 
41.8 M 
3.62 M 

13.13 H 
4.18 0 

60.14 0 
12.93 0 
26.99 M 

l.s7E7 Y 
12.36 H 
8.040 0 

2.30 H 
20.8 H 
12.6 M 
6-61 H 
83 5 

30 H 

FRONT OF 
DERMIS 

0.0 
7.48E-06 
1. WE-05 
6.23E-04 
2.77E-04 
1.29E-03 

0.0 
0.0 
1.92E-03 
2 88 E-03 
0.0 
1 48 E-06 
2. WE-03 
9.98E-04 
1.99E-05 
7.38E-04 
2.18E-03 
6.61 E-04 
9.25E-04 
9; 43E-06 
0.0 
0.0 
0.0 
0.0 
1.78E-04 
6.23E-06 
1.83E-03 
7.83E-04 
2.52 E-03 
I. 59E-04 
0.0 
2.9LE-03 
2.46E-03 
3.75E-06 
3. M E - 0 3  
0.0 
7. WE-04 
0.0 
3.03E-04 
2.826-03 
0.0 
5.37E-04 
6. 46 E-0 5 
1 SSE-03 
1.24E-03 
2.1SE-03 
1.02E-03 
5 Z8E-03 

0,. 0 

MIOPOINT OF 
OERMlS 

0.0 
0.0 
2.40E-06 
1 24EO4 
lm57E-OS 
6.69E-04 
0.0 
0.0 
0.0 
8 69E-04 
1. (HE03 
0.0 
I. 5TE-09 
9.72E-04 
5.52E-04 
1. 8lE-07 
3.33E-04 
1.16503 
l.SOE-04 
4.42E-04 
1.35E-07 
0.0 
0.0 
0; 0 
0.0 
5.59E-06 
3.42E-07 
7.96E-04 
3.95E-04 
1.SOE-03 
9.25EyO5 
0.0 
1.74E03 
1.42E-03 
2. 2SE-08 
2.43E-03 
0.0 
4.26E-04 
0.0 
8.13E-05 
1.66%E-03 
0.0 
1.2oE-04 
S.54E-07 
7. WE-04 
4.21E-04 
1.08E-03 
3.72E-04 
40 05 E 0 3  

BACK OF 
OERMI S 

0.0 
0.0 
1.21E-07 
1. WE-0s 
2 34E-0 7 
30 3 7 5 0 4  
0.0 
0.0 
0.0 
3.59E-04 
1 2 LE-03 
0.0 
0.0 
4. TIE-04 
3.32E-04 
0.0 
1.64EO4 
6.06E-04 
3. LlE-05 
2.2 3E-04 
0.0 
0.0 
0.0 
0.0 
0.0 
3.2QE-09 
1 24E-09 
3.23E-04 
LOOSE-04 
7.86E-04 
5.99E-05 
0.0 
1.07E-03 
8.26E-04 
0.0 
1.76E-03 
0.0 
2.44E-04 
0.0 
2.14E-05 
9.81E-04 
0.0 
1 97E-0 5 
6.48E-09 
3.33EOI 
Lo UE-04 
5. 4OE-04 
1. 36E-04 
3.23E-03 

AVERAGE OVER 
DERMIS 

0.0 
1 .69E-06 
4.68E-06 
1.89E-04 
5.6 7E-0 5 
7. 18E-04 
0.0 
0.0 
0.0 
9.59E-04 
1 91E-03 
0.0 
3 .  T2E-0 7 
1.OLE-03 
5.90E-04 
5 04E06  
3.72E-04 
1 24E-0 3 
2. L5E-04 
Q 86 E-04 
2.40E-06 
0.0 
0.0 
0.0 
0.0 
3.3+E-05 
l.27E-06 
8.90E-04 
4.26E-04 
1 48E-03 
9.8 2E-0 5 
0.0 
1 83E-03 
1 49E-03 
9 . 43E-0 7 
2.49E-03 
0.0 
Qm49E-04 
0.0 
1 mO8E-04 
1. TIE-03 
0 .o 
1 73E-OI 
1.12E-05 
7 8 1 E -0 4 
5 007E-04 
1 ell€-03 
4.4OE-04 
4.12E-03 

M P T H  OF 
70 MICRONS 

0.0 
6.OlE-06 
1. T4E-05 
5.93E-04 
2. 57E-04 
1.26E-03 
0.0 
0.0 
0.0 
1.8 tE -03 
2.84E-03 
0.0 
1.29E-06 
1.95E-03 
9.7SE-04 
1.78E-05 
7.18E-04 
2.13E-03 
6.32E-04 
9.OOE-04 
8.88E-06 
0.0 
0.0 
0.0 
0.0 
1 63E-04 
5.79E-06 
1.78E-03 
T.66E-04 
2. Q7E-03 
1.56E-04 
0.0 
2.86E-03 
2. k2E-03 
3.27E-06 
3.40E-03 
0.0 
7.35E-04 
0.0 
2.90E-04 
2.77E-03 
0.0 
5.12E-04 
5.7bE-05 
1.5 1E-03 
1. 20E-03 
2.11E-03 
9.8M-04 
5.23E-03 

w 
W 
W 



€LECTRW DOSE-RATE COmERS10( FACTORS FOR SUIN FOR EXPOSURE 1 H ABWE CONTAMINATE0 aROUNO SURFACE 
I N  SV/VR PER BWtSOUARE 011 

WUCLIOE 

XE-122 
XE-123 
%E-12s. 
XE-127 
X E- 12914 
XE-13111 
XE-133 
XE-133M 
XE-135 
XE-135H 
XE-137 
XE-138 
CS-126 
CS-129 
CS-131 
CS-132 
CS-134 
C 5-1 3411 
CS-135 
CS-136 
CS-137 
CS-138 
CS-139 
BA-131 
BA-133 
BA-133M 
BA-135M 
BA-l37M 
EA-139 
814-1 40 
BA-141 
EA-142 
LA-140 
LA-141 
LA-142 
CE-139 
CE-141 
CE-143 
C E-1 44 
PR-142 
PR-143 
PR-144 
PR-144M 
ND-147 
NO-149 
PM-143 
PN-144 
PM-145 
PM-146 

HALFL I F E 

20.1 n 
2.14 H 
16.8 H 

36.406 0 
8.89 0 

11.84 0 
5.245 0 

2.19 0 
9.11 H 

15.36 M 
3.83 H 

14.13 M 
1.64 M 

32.06 H 
9.688 D 
6.475 0 
2.062 Y 
2.90 H 

2.3E6 Y 
13.16 D 
30.17 Y 

32.2 M 
9.40 M 
11.8 0 
10.5 Y 
38.9 H 
28.7 H 

83.1 M 

18.27 M 
10.70 M 

3.94 H 
95.4 M 

137.66 0 
32.50 0 

33.0 H 
284.3 0 
19.13 H 
13.56 D 
11-28 M 

7.2 M 

1.73 H 

2.552 M 

12.789 D 

40.22 H 

10.98 0 

265 D 
363 D 

17.7 Y 
2020 0 

FRONT OF 
DERMXS 

0.0 
5.77E-04 
1.89E-07 
0.0 
0.0 
0.0 
0.0 
0.0 
5.906-04 
2.93E-04 
4.99 E-03 
1.95 E-03 
4.OSE-03 
9. I1 E-08 
0.0 
1 68E-05 
1.12 E-04 
0; 0 
0.0 
1.7SE-05 
7.84E-05 
4.07E-03 
4.76E-03 
4.80E-06 
0.0 
0.0 
0.0 
2.98E-04 
3.29E-03 
5.6OE-04 
2.99 E-03 
1 3%-03 
1 83E-03 
3.42E-03 
2.85E-03 
0.0 
1.42E-05 
1.21 E-03 
0.0 
3.00E-03 
6.61E-04 
4.06E-03 
0.0 
3.04E-04 
1. ME-03  
4.78E-06 
2.98E-0 5 
0.0 
1.28E-04 

HIOPOINT OF 
OERMI s 

0.0 
2.7lE-04 
1 7SE-11 
0.0 
0.0 
0.0 
0.0 
0 .0 '  
9. S O 6 0 5  
3. 54EO7 
3.77E-03 
1 20 E-03 
2.99603 
0.0 
0.0 
2. ME-06 
5.86E-06 
0.0 
0.0 
7.77606 
2.14E-OS 
2.82E-03 
3.54E-03 
0.0 
0.0 
0.0 
0.0 
5.48605 
2.04E-03 
1.25E-04 
1; 82E-03 
5. 87E-04 
7.99604 
2.18E-03 
l.74E-03 
0.0 
2.65E-08 
4.23E-04 
0.0 
1 .85603 
I. 18E-04 
2.8lE-03 
0.0 
2.79E-05 
S.53E-04 
1.63606 
3.99E06 
0.0 
1.2OE-Of 

BACK Of  
OERHI S 

0.0 
1.17€-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
7.49E-06 
0.0 
2. %E-03 
7.85604 
2.28E-03 
0.0 
0.0 
1.73E-08 
4.91 E-0 7 
0.0 
0.0 
2 64E-0 6 
5 47 E-06 
2.01 E-03 
2.73E-03 
0.0 
0.0 
0.0 
0.0 
7.46608 
1.28E-03 
1.80E-05 
1.15E-03 
2.85E-04 
3.36E-04 
1.42E-03 
1.12E-03 
0.0 
0.0 
1.35E-04 
0.0 
1.17E-03 
1.12E-05 
2.00E03 
0.0 
6.55607 
1.9E-04 
5.38E-0 8 
1 24E-0 8 
0.0 
2.61E-07 

AVERAGE OVER 
OERMI S 

0 .O 
2 97E-04 
4.73E-08 
0.0 
0.0 
0.0 
0 .o 
0.0 
1.63E-04 
7.34E-05 
3.83E-03 
1 26E-03 
3.05E-03 
2.. 43 E-09 
0.0 
4.54E-06 
2 27E-0 5 
0 .o 
0.0 
8.53E-06 
2.83E-05 
2.89E-03 
3 6 1E-03 
7 -95 E-07 
0.0 
0.0 
0.0 
8.62E-05 
2. L2E-03 
1.80E-04 
1.91E-03 
6.65E-04 
8 93 E-0 4 
2 26 E-0 3 
1 82E-0 3 
0.0 
3.55E-06 
5.06E-04 
0.0 
1.93E-03 
1.91EO4 
2 88E-03 
0.0 
6.94E-0 5 
6.41E-04 
1 89E-06 
7.62E-06 
0.0 
2.93E-OS 

DEPTH OF 
70 MICRONS 

0.0 
5.63E-04 
1.57~-07 
0.0 
0.0 
0.0 
0.0 
0.0 
5.60E-04 
2.7lE-04 
4.94E-03 
1.91E-03 
4.OlE-03 
5.34E-08 
0.0 
1. b IE-05 
1.03E-04 
0.0 
0.0 
1.69E-05 
7.42E-05 
4.02E-03 
4.71E-03 
4.24E-06 
0.0 
0.0 
0.0 
2.89E-04 
3.24E-03 
5.36E-04 
2.94E-03 
1.32E-03 
1.78E-03 
3.37E-03 
2.80E-03 
0.0 
1.23E-05 
1.17E-03 
0.0 
2.9%-03 
6.29E-04 
4.00E-03 
0.0 
2.85E-04 
1.4OE-03 
4.67E-06 
2.8 5E-0 5 
0.0 
L. 19E-04 

P 
0 
0 



1 

ELECTRON DOSE-RATE CONVERSI(H FACTORS FOR SKIN FOR EXPOSURE 1 M ABOVE CONTAMINATE0 GROUNO SURFACE 
I N  S V / Y R  PER BO/(SQUARE Cnl 

NUCL I DE 

PM-147 
PM-148 
P l c 1 4 8 M  
PM-149 
PM-151 
5111-147 
SM-151 
SM-153 
EU-152 
EU-152M 
EU-154 
EU-155 
EU-156 
GO- 152 
GO-153 
GD-159 
GO-162 
18-157 
18-160 
T8-162 
DY-157 
DY-16 5 
DY-166 
HO-166 
HO-166M 
€4-169 
ER-171 
TU-! 70  
TM-171 

Ye-175 
LU-177 
LU-177M 
HF-161 
TI-162 
Y-181 

. w-164 
Y-187 
w-186 
RE-162 
RE-162M 
RE-163 
RE-164 
RE-164n 
R E - 1 6 6  
RE-167 

. RE-188 
os-1 65. 
os-1 86 

~ 8 - 1 6 9  

HALF-LIFE 

2.6234 Y 
5.37 0 
41.3 D 

53.08 H 
28.40 H 

1.069E11 Y 
90' Y 

46.7 H 
.'13.6 Y 
9.32 H 

8.8 Y 
4.96 Y 

15.19 0 
1.1E14 Y 
241.6 D 
18.56 H 

9.7 M 
150 Y 

72.3 D 
7.76 M 
8.06 H 

2.334 H 
81.6 H 

26.80 H 
1.20E3 Y 

9.40 0 
7.52 H 

128.6 D 
1.92 Y 

31.97 0 
4.19 0 
6.71 b 

160.10 0 
42.39 0 

114.74 0 
120.95- 0 

75.1 D 
23.83 H 
69.4 0 
64.O.H 
12.7 H 

70 0 
36.0 0 

169 0 
90.64 H 

* . E l 0  Y 
16.98 H 
93.6 0 

2.OElS Y 

FRONT OF 
O E R M I S  

0.0 
2.48E-03 
8.20E-05 
9.55E-04 
5.39E-04 
0 . 0 .  
0.0 
1 93E-04 
1 95E-04 
1 80E-03 
4.12 E-04 
0.0 
1.13E-03 
0.0 
0.0 
6.54E-04 
7.04E-04 
0.0 
2.88E-04 
1.65E-03 
0.0 
1.4lE-03 
3.96E-07 
2.52E-03 
7. 58E-05 
0.0 
9.346-04 
6.66E-04 
0.0 
0.0 
2.40E-06 
5.74E-06 
2.73E-07 
9.58E-06 

' 1 23E-0 5 
'0.0 
4; 66E-07 
4.76E-04 
0.0 
0.0 
5.65E-05 
0.0 
I. ME-05 
0.0 
8. L3E-04 
0.0 
2.63E-03 
2.36E-05 
0.0 

MIDPOINT OF 
OERMI  S 

0.0 
1.46E-03 
5.36E-06 
2.47E-04 
1 10 E-04 
0.0 
0.0 
1.04E05 
7.40E-05 
9.86E-04 
1.76E-04 
0.0 
6.68 e 0 4  
0.0 
0.0 
1.26E-04 
1.35E-04 
0.0 
8.42E-05 
6.76E-04 
0.0 
5.09E04 
0.0 
1 3 8E-03 
2.61E-05 
0.0 
2.47E-04 
1 25 E-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
1 53 E-04 
0.0 
0.0 
3.OSE-05 
0.0 
6.75E-06 
0.0 
2.OlE-04 
0.0 
1.65E-03 
2.OZE-06 
0.0 

* 3.20E-06 

BACK OF 
DERMIS 

0.0 
9.10E-04 
2.66E-07 
4.62E-05 
1.90E-05 
0.0 
0.0 
1 73E-0 7 
2.95E-05 

0.0 
0.0 
1.45E-05 
1 49E-05 
0.0 
3 44E-05 
2.51E-04 
0.0 
1.59E-04 
0.0 
7.46E-04 
7.2lE-06 
0.0 
4.97E-05 
1 . m - 0 5  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.92E06 
0.0 
0.0 
4.99E-05 
0.0 
0.0 
1.58E-05 
0.0 
1.29E-06 
0.0 
3.58E-05 
0.0 
9.64E-04 
0.0 
0.0 

A V E R ~ G E  OVER 
DERMIS 

0 .o 
1.54E-03 
1 ~ 1 3 E - 0 5  
3.31E-04 
1 .66E-0 4 
0.0 
0.0 
3.91E-05 
8.67E-05 LOSE-03 

2 01E-04 
0.0 
7.02 E-04 
0.0 

.o.o 
1 95E-0 4 
2.lOE-04 
0.0 
1.10E-04 
7 6 TE-04 
0.0 
6.00E-04 
8 17E-08 
1 47F-03 
3.12E-OS 
0.0 
3 29E-04 
1.97E-04 
0.0 
0.0 
4.29E-07 
1.31E-0 6 
2.lOE-08 
1 90E-06 
4.51E-06 
0.0 
5 53E-0 6 
1.90E-04 
0.0 
0.0 
3.24E-05 
0.0 
7. LIE-06 
.0.0 
2 75 E-0 4 
0.0 
1 73E-03 
6 65E-0 6 
0.0 

DEPTH OF 
70 HICRONS 

0.0 
2.43E-03 
7.63E-05 
9.17E-04 
5.13E-04 
0.0 
0.0 
1. TEE-04 
1.8EE-04 
1.77E-03 
3.99E-04 
0.0 
1.11E-03 
0.0 
0.0 
6.23E-04 
6.7lE-04 
0.0 
2.75E-04 
1.60E-03 
0.0 
1.366-03 
3 04E- 0 7 
2.47E-03 
7.33E-05 
0.0 
8.97E-04 
6.36E-04 
0.0 
0.0 
1.85E-06 
4.63E-06 
2.OlE-07 
8.08E-06 
1. l lE-05 
0.0 
3.22E-07 
4.57E-04 
0.0 
0.0 
5.54E-05 
0.0 
1.43E-05 
0.0 
7. BO€-04 
0.0 
2. ?BE-03 
2.2 7E-05 
0.0 
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EUCtlloll wtE-UATE C O W E R S l a  FACTORS FOR SKIN FOR EXPOSURE 1 W ABQYE CONfAMlNATEO GRWNO SUUFACE 
lr(  S V n U  PEU BWtSQVIRE Cnl 

WUtLIOE 

81-216 
-209 
-210 
PO-211 
m-2u 
Pa-2 13 
-2 14 
-215 
PO-2 16 
P b t 1 8  
AT-211 
AT-217 
RN-218 
UN-2 19 
RN-220 
RN-222 

FR-223 
RA-222 
RA-223 
UA-226 
RA-225 
U A-2 26 
U A-22 8 
AC-225 
AC-227 
AC-228 
TW-226 
TW-227 
TW-228 
184-229 
TH-230 
TH-23 1 
tn-232 
W-233 
TW-236 
?A-230 
C1c231 
PA-2)) 
PA-236 
PA-ZWN 
U-230 
U-231 
-212 
-231 
u - M  
u-235 
u-236 
*2ST 

pi-221 

H M F L I F E  

19.9 M 
-102 Y 

130.318 0 
0.516 S 

2.9M-7 S 
4.2E-b s 

1.631E-4 S 
1.?78E-3 S 

0.146 5 
3.05 M 

1.216 H 
0.0323 S 
0.035 5 
3.% 5 

55-61 S 
3.8235 0 

4.8 M 
21.8 M 
38.0 s 

11.434 0 
3.62 0 
14.8 0 
1600 Y 
5.75 Y 
10.0 0 

21.773 Y 
6.13 H 
30.9 M 

18.718 0 
1.9132 Y 
7.36E3 Y 

T.tE4 Y 
25.52 H 

1.40st10 Y 
22.3 M 

24.10 0 
17.4 0 

30216E6 Y 
27.0 0 
6.70 H 
1.11 n 
20.8 0 
4.2 0 

72 Y 
1.S92ZtS Y 
2.&4w5 Y 
T . W L 8  Y 

2.S615LT Y 
&?5 0 

F R W  OF 
OERMlS 

2.16E-03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
5. SSE-OB 
0.0 
0.0 
0.0 
8. SOE-04 
0.0 
0.0 
0.0 
3. 28E-11 
0.0 
0.0 
0.0 
0.0 
1 WE-03 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
1.18E-03 
0.0 
1.32E-06 
0.0 
0.0 
3. ale-04 
3.04E-03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 , 

MIW01NT OF 
OEIlMI S 

1.14EO3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2. l4E-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.22E-06 
0.0 
0.0 
0.0 ~ 

0.0 
0.0 
0.0 
0.0 
3.91E-04 
0.0 
2.30+08 
0.0 
0.0 
7.88E-05 
1.83&03 
0.0 
0.0 
0.0 
0.0 - 
0.0 
0.0 
0.0 
0.0 

BACK OF 
OERMl 5 

6. 51604 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 . 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
30 98E-OS 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.78EO4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
lo lo€-04 
0.0 
0.0 
0.0 
0.0 
1. 9fE-05 
1.12E-03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

AVERAIE OVER 
OERMlS 

1.23E-0 3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.2OE-09 
0.0 
0.0 
0 .O 
2 9 LE-0 4 
0.0 
0.0 
0.0 
7.91E-14 
0.0 
0 .o 
0.0 
0.0 
4. BSE-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
4.76E-04 
0.0 
l.84E-Ob 
0.0 
0 00 
1 19E-04 
1.91E-03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

OEPTH OF 
70 MICRONS 

2. L l E - 0 3  
0.0 
01 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.54E-08 
0.0 
0.0 
0.0 
8.1 SE-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.OlE-03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
(h0 
1.14E-03 
0.0 
bobs€-06 
0.0 
0.0 
3.60E-04 
2.98E-03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

P 
0 w 



ELECTRW ODSE-RATE CONVERSID( FACTORS FOR SKIN FOR EXPOSURE 1 M ASWE CONTAMINATED mOUN0 SURFACE 
IN s v m  PER OW~SOUIRE CMI 

NUCL IO€ 

U-23 8 
U-239 
U-240 
NQ-235 
NQ-236 
NP-236M 
NP-237 
NQ-238 
NQ-239 
NP-240 
NP-24OM 
PU-236 
w-237 
QU-23 8 
91)-239 
QU-240 
QU-241 
W-242 
PU-2+3 
QU-244 
QU-245 
PU-246 
AM-241 
AM-242 
AH-242M 
AH-243 
AM-244 
AW-245 
AM-246 
CH-242 
CM-243 
CM-244 
CM-245 
CM-246 
CM-247 
CH-248 
CM-249 
CR-2 5 0 
OK-249 
SIC-250 
BIC-2Sl 
CF-248 
C@-249 
CF-250 
CF-251 
Ct-252 
Ct-253 
C F 2 S 4  
Et-213 

HALF-LIFE 

4.468E9 Y 
23.40 M 

14.1 H 
396.1 0 

1.15E6 Y 
22.5 H 

2.14E6 Y 
2.117 0 
2.355 0 

65 M 
7.4 M 

45.3 0 
87.75 Y 
24131 Y 
6537 Y 

3.758E5 Y 
4.956 H 

8026E7 Y 
10.57 H 
10.81 0 
432.2 Y 
16.02 H 

152 Y 
7.38E3 Y 

10.1 H 
122.4 M 

25.0 M 
163.2 0 
28.5 Y 

18.11 Y 
8.5E3 Y 

4.75E3 Y 
1.56E7 Y 
3.39E5 Y 
64-15 M 
6.9E3 Y 

3.222 H 
57.0 M 

333.5 0 
350.6 Y 
13.08 Y 
9.OE2 Y 
2.639 Y 
161.81 0 
60.5 D 

20.4661 0 

2.851 r 

14.4 r 

320 0 

FRONT OF 
DERMIS 

0.0 
1.17E-03 
S.36E-07 
0.0 
0.0 
1. ME-05 
0.0 
5. 8lE-04 
7.47E-06 
3.30E-04 
2. l lE-03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.l9E-05 
0.0 
4.63E-04 
0.0 
0.0 
7. SLE-05 
0.0 
0.0 
1.82E-04 
4.03E-04 
1.31E-03 
0.0 
0.0 
0.0 
0.0 
0.0 
8.60E-08 
0.0 
4.67E-04 
0.0 
0.0 
4.91E-04 
9.61E-04 
0.0 
1.52E-08 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

MIOQOINT OF 
OERMI S 

0.0 
3. 8 O E - 0 4  
0.0 
0.0 
0.0 
2. LSE-08 
0.0 
2.02 E-04 
2.81E-07 
2.48E-05 
1. LOE-03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
5.06E-08 
0.0 
9 76E-05 
0.0 
0.0 
1.02E-06 
0.0 
0.0 
4.4OE-05 
5.66E-05 
5.14E-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0; 0 
6.7OE-05 
0.0 
0.0 
1.67E-04 
2.67E-OI 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

BACK OF 
OERMI 5 

0.0 
1 O4E-04 
0.0 
0.0 
0.0 
0.0 
0.0 
5.98E-OS 
5.0 IE- 10 
1.29E-06 
5.83E-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.65E-05 
0.0 
0.0 
1. 48E-11 
0.0 
0.0 
3. LO€-06 
3.87E-06 
2.02E-iO4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
40 39E-06 
0.0 
0.0 
70 73E-05 
5.72E-05 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

AVERAGE OVER 
O E R M I S  

0.0 
4 65 E-04 
6.68E-08 
0.0 
0 .o 
2.65E-Ob 
0.0 
2 -42E-04 
1.43E-06 
7. LIE-05 
1.18E-03 
0.0 
0.0 

0.0 
0 .o 
0.0 
0.0 
6.99E-06 
0.0 
1.4SE-04 
0.0 
0 .o 
1 e32E-05 
0.0 
0.0 
6mO2E-05 
1 -06E-04 
S -95 E-04 
0.0 
0.0 

'.'.O.O 
. 0.0 

0.0 
2.65E-09 
0.0 
1 23E-04 
0.0 
0.0 
2.06E-04 
3.48E-04 
0.0 
7.15E-11 
0.0 
0.0 
0.0 
0.0 
0.0 
0 00 

0.0 

DEPTH OF 
70 M I C R O N S  

0.0 
1.13E-03 
3. 75E-07 
0.0 
0.0 
9.2OE-06 
0.0 
5.62E-04 
6.81E-06 
3.07E-04 
2.06E-03 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.42E-05 
0.0 
4.42E-04 
0.0 
0.0 
6.76E-OS 
0.0 
0.0 
1.77E-04 
3.80E-04 
1.27E-03 
0.0 
0.0 
0.0 

', .0.0 
... 0.0 

5.22E-08 
0.0 
4.42E-04 
0.0 
0.0 
4. 7OE-04 
9.25E-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

P 
0 
P 



UtCTRW DOSE-RATE tomERSIbl HCTORS FOR SKIN FOR EXPOSURE 1 H ABOVE CONTAMINATED GROUND SURFACE 
I W  SV/VU PER BO/tSWARE CMB 

BACK Of AVERAGE OVER FRONT OF HIOPOINT OF 
W U C L  IO€ MALFLIFE ORIH I S DERMIS OERMI 5 DERMIS 

€3-254 
ES-2564 
ES-255 
r e 2 5 4  
Fa-255 
FR-256 

275.7 Q 0.0 
39.3 H I 98E-04 
39.8 0 0.0 

3.240 H 0.0 
20.07 H 0.0 
157.6 H 0.0 

0.0 
4. 2+E-05 
0.0 
0.0 
0.0 
0.0 

. .  
. .  . . .  . .  

* .  . 8 .  

0.0 0.0 
1.6BE-06 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 .I 

6 25 €-OS 

. I  

OEPTH OF 
70 MICRONS 

0.0 
1.89E-04 
0.0. . . _  ' 
0.0. . 
0.0 
0.0 

. .  
P 
0 cn 
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DOSE-RATE CONVERSION FACTORS FOP S K I N  'FOR EXPOSURE 1 H ABOVE CONTAMINATE0 GROUNO SURFACE 
I N  SV/YR PER BQ/(SQUARE C M l  

VALUES FOR ELECTRONS CORRESPOND .TO A .DEPTH OF 70 MICRONS 

NUCL I Q E  

H-3 
BE-7 
BE-10 
c-11 ' 
C-14 
N-13 
N-16 . 
0-15 
F-18 
NA-22 * 

N4-24 ., 
MG-2 7 
WG-2 8 
AL-26 
AL-28 
SI-31 
S 1-32 
P-32 
P-33 
5-35 
C L-36 
CL-38 
AR-3 7 
A R-39 
AR-41 
K-40 
K-42 
K-43 
CA-41 
CA-45 
C A-4 7 
CA-49 
sc-44 
SC-46 
S C 4 6 M  
sc-47 
sc-48 
s c 4 9  
TI-44 
T1-45 
TI-51 
v-48 
v-49 
V-52 
CR-49 
CR-51 
HN-52 
HN-52M 
HN-53 

HALF-LIFE 

12.28 Y 
53.44 0 
1.6E6 Y 
20.48 M 

5.73E3 Y 
9.97 H 
1-13 S 

122.24 S 
109.74 M 

2.602 Y 
15.00 H 
9.458 H 
20.91 H 
7.2E5 Y 
2.240 W 
157.3 M 
3.3E2 Y 
14.29 D 
25.4 0 

87.44 0 
3mOLE5 Y 
31-21 H 
35.02 0 

1.827 H 
1.277E9 Y . 

12.36 H 
22.6 H 

1.03E5 Y 
162.7 0 
4.536 0 
8.719 M 
3.927 H 
83.80 D7 
18.72 S 
3.422 0 ' .  

269 Y 

~ ~ 6 7  n 
57.4 M . 
47.3 r. 
3.08 Y 

5.752 H 
35.973 0 

330 0 
3.75 W 

62-09 M 
27.704 0 .  

5.591 Q . 
21.4 M 

3m7E6 Y 

PHOTON 

0.0 
1m86E-05 

. 0.0 
3 80 E-04 
0.0 
3. 80E-04 
1 07E-03 
3.81E-04 
3. 69E-04 

. 7.59E-04 
1 25 E-03 
3- 24E-04 

' 4.70E-04 
' 8. 97E-04 

5.64E-04 
. .  2-9OE-07 
* *  0.0 

0.0 
. 0.0 
' 0.0 

1.51E-10 
8 4.70E-04 

. 2. 56E-08 

. **la€-04 
4 0 93E-0 5 

. 8. IO€-05  
3m63E-04 

s 6.70E-08 
5.57E-13 
3. 50E-04 

. 8 85 E-04 
, 7.55E-04 

3.44E-05 
I 4ml4E-05 

I 15E-03 
3.3OE-07 
5. ME-05 
30 25E-04 
1 38 E-04 
1 0 1  E-03 
2.45E-07 
4- 59E-04 
3.93E-04 
1.22E-05 
1. 19E-03 
8. 20E-04 
5. 14E-07 

,. 0.0 

. ' 

, .  

r.  OIE-O+ 

EL EC TRON 

0.0 
0.0 
3.77E-05 
9.26E-04 
0.0 
1m59E-03 * 

5.69E.03 . 
2.78 E-03 
1 34E-04 
3.60E-05 .. 
1m94E-03 I 
2. 61E-03 
3.01E-06 . 
1. 28E-03 '. 
4. 16E-03 
2.14E-03 
0.0 
2. 58E-03 
0.0 
0.0 
2.23E-04 
3.93E-03 
0.0 
6 89E-05 
1.45E-03 
1.52E-03 
4.36E-03 
5m22E-04 
0.0 

. 0.0 
7mOlE-04 
3- l7E-03 
2.22E-03 
7.47E-08 
0.0 
2m22E-05 
1 22E-04 
3.05E-03 
0.0 
1 05 E-03 
3ml8E-03 
1.42E-04 
0.0 
3 75 E-03 
2.21E-03 
0.0 
2.14E-05 
3.94E-03 
0.0 

TOT A L 

0.0 
1m86E-05 
3.77E-05 
1.3LE-03 
0.0 
1 97E-03 
6.76E-03 
3- 16E-03 
5. 0 2 6 0 4  
7. 95E-04 
30 19E-03 
2m93E-03 
4. 73E-04 
2. 18E-03 
4m73E-03 
2- l4E-03 
0.0 
2 5 8E-03 
0.0 
0.0 
2. 23E-04 
4 .40603 
2m56E-08 
6. 89E-05 
1.86E-03 
1 57E-03 

8m85E-04 
6m7OE-08 
5.57E-13 
1- 05E-03 
4.05E-03 
2.97E-03 
7.07E-04 
3.448-05 
6.36E-05 
1 27E-03 
3. 05E-03 
5.84E-05 
1.38E-03 
3m31E-03 
1- 15E-03 
2.45E-07 
4. 2LE-03 
2 60E-03 
1-22E-05 
lm2lE-03 
4.76E-03 
5ml4E-07 

4.45E-03 
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OOSE-SATE CONVERSION FACTORS F6R SKIN FOR EXPOSURE. 1 .M ABOVE CONTAMINATED 'GROUND SURFACE 
I N  S V I Y R  PER BO/(SQUAPE C M t  

VALUES FOR ELECTQONS CORRESPONO TO A OEPTH OF'IO MICRONS 

NUCL I DE 

MN-54 
HN-56 
YN-57. 
FE-52 . 
F E-5 5 
FE-59 
CU-56 
CO-57 
CO-58 
CO-5 8M 
CQ-60 
C 0-60M 
CO-61 
NI-56 
NI-57 
N1-59 
N I  -63 
N 1-65 
CU-6 1 
CU-62 
C U-6 4 
CU-67 
ZN-62 
ZN-6 5 
ZN-69 
ZN-69M 
G 4-66 
64-67 
GA-68 
GA-72 
GE-60 
GE-71 
GE-77 
AS-72 
4s-7 3 
AS-74 
AS-76 
AS-77 
SE-73 
SE-75 
SE-79 
BR-77 
8R-80 
BR-80M 
BR-82 
BR-83 
BR-84 
3R-85 
KQ-79 

HALF-LIFE 

312.1 0 
2.5785 H 

1.47 M 
8.275 H 

2.7 Y 
44.63 Q 
78.76 0 
270.9 0 
70.80 D 
9.15 H 

5.271 Y 
10.47 H 
1.650 H 

6.10 0 
36.08 H 
7.5E4 Y 
100.1 Y 
2.520 H' 
3.408 H 

9.74 H 
12.701 H * 

61.88 DO 
9.26 H 

244.4 0 ' : .  
55.6 M a. 

L3.76 H . .  
9.40 H ' 

3.261 0 
60.0 H 
14.1 H 
208 D - 

11.8 0 . 
11.30 H 

26.0 H 
80.30 0 
11.17 Q 
26.32 H 

38.8 H 

. .  

7.15 H 
i i 9 . i a  o 

6.5E4 Y 
57.04 H '  

17.4 M 
4.42 H 

35.30 H 
2.39.H 

31.80 H 
172 s 

35.04 H 

PHOTON 

3mO8E-04 
5m78E-04 
2.87E-05 
2.76E-04 
7. 19E-07 
3.99E-04 
l o  19E-03 
4.99E-05 
3.61E-04 
1.15E-06 
8.24E-04 
2.80E-06 
3067E-05 
6.28E-04 
6.37E-04 
1.35E-06 
0.0 
1 79E-04 
3 O6E-04 
3.75 E-04 
7m10E-05 
4.43E-05 
lm73E-04 
2.01E-04 
2 rn 25 E-09 
1.56E-04 
7.92E-04 
5.93E-05 
3 53E-04 
9.12E-04 
3.73E-06 
3. ?BE-06 
3.86E-04 
60 54E-04 
102?€-05 
2.87E-04 
lm55E-04 
3.24E-06 

- 4m15E-04 
1.53E-04 

. 1m24E-04 
2m82E-05 
1.77E-05 
9m45E-04 

' 2 78 E-06 
5.62 E-04 
2.38E-05 
lm01E-04 

. 0.0 

1 ' . '  * ELECTRON 

' ' 0.0 
- 2m61E-03 

' 9 ,  3m81E-03 
. 3.17E-04 

. '  . 

". -. . , b  

. I  . 0.0 
, I  5.30E-06 
. ' 4 . 3 9 6 0 4  
* . -  - 0.0 - ' 9.47E-07 

0.0 * 

t:.: * 0.0 
'.- ' 5.06E-06 

, .,* . ' 1 47E-03 

. .  

- I  

4 . 0.0 

.,-. 0.0 
' . 2  0.0 
' 2mO8603 
. *. * 9.94E-04 

. 4.28E-03 
* 5.27E-05 
. A 9m58E-06 
'. 8 .88E06  

. .  
2m47E-04 

0.0 
'. 6.25E-04 

2m04E-05 
' .  2.63E-03 

0.0 
2.80E-03 
1m35E-03 
0.0 
0.0 
2.20E-03 
3. 5 7 E O 3  
0.0 
7.38E-04 
3m58F03 
1 69 E-04 
1.31 E 0 3  
0.0 
0.0 
0.0 
2m66E-03 
0.0 
8m19E-07' 
6. 36E-04 
3.51E-03 
3.54E-03 
8.92 6 0 6  

. .  

TOTAL 

3m08E-04 
3. 19E-03 
3.84E-03 
5. 92E-04 
7.19E-07 
4.04E-04 
1.63E-03 
4 99E-05 
3m62E-04 
1.15E-06 
8.24E-04 ' 

7. a 6 ~ - 0 6  
lm50E-03 
6.28E-04 ' 
8m83E-04 
1m35E-06 
0.0 - .  
2. 26E-03 - 
1 30E-03 
4m65E-03 
1 24E-04 
5.39E-05 
1m82E-04 
2 0 1E-04 
6m25E-04 . 
lm77E-04 
3.4ZE-03 
5m93E-05 
3.15E-03 
2.26E-03 
3. 73E-06 
3m78E-06 
2.58E-03 ' 

4e22E-03 
1 27E-05 
1m03E-03 
3. 74E-03 
1.7tE-04 
1 73E-03 
1.53E-04 
0.0 
1. 24E-04 
2.69E-03 
1.77E-05 
9.46E-04 
6m39E-04 
40 07E-03 
3. 56E-03 
lo lo€-04 
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DOSE-RATE CONVERSION FACTORS FOR SKIN FOR EXPOSURE 1 M ABOVE CONTAMINATED GROUND SURFACE 
1N S V / Y R  PER BO/(SQUARE CM) 

VALUES FOR 

NUCLIDE 

KQ-8 1 
KR-83M 

KR-85M 
KR-87 
KR-88 
KR-89 
KR-90 
Q0-81 

RE-83 
RB-84 
RE-86 

RB -8 8 

RE-90 

KR-85 

~ 0 - 8 2  

RE-87 

RE-89 

a B- OM 
.. sa-82 

sa-135 

/' 

SR-85M 
SR-87M 
SR-89 
59-90 

SR-92 
S R-93 
Y-86 
Y-87 
'1-88 
Y -90 
Y-90M 
Y-91 
Y-91H 
Y-92 
Y -93 
ZR-86 
ZR-88 
29-89 

ZR-95 
29-9 7 
NB-90 
NE-9 1 
N0-9LM 
N0-92 
NE-92M 
NB-93H 
N0-94 

sa-91 

ZR-93 

ELECTRONS CORRESPOND TO A DEPTH OF 70 MICRONS 

HAL F-L IFE 

2.1E5 Y 
1.83 H 

10.72 Y 
4.48 H 
76.3 M 
2.84 H 
3.16 M 

32.32 S 
4.58 H 
1.25 M 
86.2 0 
32.9 0 

18.66 0 
4.73E10 Y 

17.8 M 
15.44 M 

157 S 
258 S 

25.0 D 
66.84 0 
67.66 M 
2.805 H 
5 0 . 5 5  0 

28.6 Y 
9 .5  H 

7.3 M 

80.3 H 
106.60 0 

64.1 H 
3.19 H 

58.51 0 
49.71 M 
3.54 H 
10.1 H 
16.5 H 
83.4 0 

18.43 H 
1053E6 Y 
64.02 D 
16.90 H 
14.60 H 

2.71 n 

14.74 n 

1E4 Y 
61  D 

306E7 Y 
10.15 0 

14.6 Y 
2003E4 Y 

PHOTON 

1.10E-05 
2 0 92 E-06 
8. 32E-07 
6.09E-05 
2.62E-04 
6.25E-04 
5 .  93E-04 
4.32F-04 
2.35E-04 
4. 08E-04 
1.9SE-04 
3. 35E-04 
30 28E-05 
0.0 
2.06E-04 
6. 84E-04 
6.05E-04 
1 03E-03 
9. 53E-06 
2.00E-04 
8.28E-05 
1.22E-04 
4.96 E-08 
0.0 
2. 47E-04 
4. 32E-04 
7.77E-04 
1 25E-03 
1. 8lE-04 
9.02E-04 
0.0 
2.39E-04 
1. 20E-06 
1 98 E-04 
8. 81E-05 
3.05E-05 
1 24E-04 
1 55E-04 
4.29E-04 
0.0 
2. 73E-04 
6. 28E-05 
lo37E-03 
1.llE-05 
2.24E-05 
5a57E-04 
3. S7E-04 
1.78E-06 
5. 81E-04 

EL E t  TRON 

0.0 
0.0 
2.56E-04 
3.63E-04 
3. 99E-03 
7. 71E-04 
3.99E-03 
4. 08E-03 
4. 24E-04 
4.43EO3 
0.0 
4.97E-04 
2 43E-03 
0.0 
5.10E-03 
3. 15E-03 
4.75E-03 
4.01E-03 
0.0 
8 99 E-06 
0.0 
2.536-06 
2.13E-03 
4036E-05 
2.12E-03 
1 42 E-04 
3a08E-03 
7.76E-04 
2.28E-06 
1 38E-06 
3.36 E-03 
7. 91E-05 
2 2 2E-03 
LoOOE-04 
4.33E-03 
3.89E-03 
0.0 
5. 67E-07 
2.4OE-04 
0.0 
6. 8 7 E 0 6  
2.52E-03 
1.33E-03 
0.0 
0.0 
5 .  33E-06 
0.0 
0.0 
7 89E-06 

TOTAL 

1olOE-05 
2.92E-06 
2 0 5 7E-04 
4. 24E-04 
4. 25E-03 
1.4OE-03 
4.58E-03 
4. 51E-03 
6. 59E-04 
4.84E-03 
1 95E-04 
8.31E-04 
2. WE-03 
0.0 
5.3lE-03 
3. 83E-03 
5. 36E-03 
5.04E-03 
9.53E-06 
2. 09E-04 
8.28E-0 5 
1 24E-04 
2.13E-03 
4.36E-05 
2.3bE-03 
5. 74E-04 
3.86E-03 
2.02E-03 
1.83E-04 
9.04E-04 
3.36E-03 
3. 18E-04 
2.22E-03 
2. 99E-04 
4. 42E-03 
3.92E-03 
1.24E-04 
1.55E-04 
6 69E-04 
0.0 
2. 80E-04 
2. 58E-03 
2 TOE-0 3 
1.llE-05 
2. 24E-05 
5. 63E-04 
3. 57E-04 
1.78E-06 
5. 89E-04 
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DOSE-RATE CONVERSION FACTORS FOR SKIN FOR EXPOSURE 1 M ABOVE CONTAMINATED GROUND SURFACE 
I N  S V / Y R  PER BQ/(SQUAPE C H I  

VALUES FOR ELECTRONS CORRESPONO TO b OEPTH OF I O ' M I C R O N S  

NUCL I O E  

NB-94M 
NB-95 
NB-95M 
NB-96 
NB-97 
NB-97M 
YO-9 1 
H0-93 
HO-99 
HO-101 
TC-95 
TC-95M 
TC-96 
TC-96M 
TC-97 
TC-97H 
TC-98 
TC -99 
TC-99M 
TC-101 
RU-97 
RU-103 
RU-105 
RU-106 
RH-103M 
RH-105 
RH-1 05H 
RH-106 
PO-1 03 
PO-107 
PO-109 
AG-106H 

AG-l08M 
46- 10914 
A G - 1  LO 
A G - l l O M  
AG-1 11 
CD-109 
CO-1  1 1 M  
CO-113 
CO-113H 
CO-115 
CO-115H 
CO-117 
CO-1 17H 
IN-111 
I N-113M 
IN-114 

LIG-IO~ 

HALF-LIFE 

6.26 H 
35.06 0 

86.6 H 
23.35 H 

72.1 H 
60 S 

15.49 H 
3.5E3 v 
66.02 H 
14.61 H 
20.0 H 

6 1  0 
4.28 0 
51.5 M 

2.6E6 Y 
89 0 

4.2E6 Y 
2.13E5 Y 

6.02 H 
14.2 H 
2.9 0 

39.35 0 
4.44 H 

368.2 0 
56.119 H 

35.36 H 
45 5 

29.92 S 
16.961 0 
6.5E6 Y 

13.453 H 
8.46 D 

' 2.37 H 
127 Y 

,3906 S 
24.57 S 

249.85 0 
7.46 0 
464 0 

48.7 H 
9.3E15 Y 

13.7 Y 
53.46 H 
44.6 0 
2.49 H 
3.36 H 
2.83 0 

1.658 H 
71.9 s 

PHOTON 

8.31 E-06 
2.84E-04 
2.88E-05 
8 92  E-04 
2.48E-04 
20 7lE-04 
3.64E-04 
9.97E-06 
50 8OF-05 
5.14F-04 
3.00E-04 
2.56E-04 
9.26E-04 
2eOlE-05 
1.02E-05 
7.74E-06 

2.09E-10 
5.19E-04 

4.92E-05 
1.29E-04 
9.66E-05 
1.81E-04 
2.92E-04 
a. o 
1.44E-06 
2.93E-05 

.1.78E-05 
7.62E-05 
1.28E-05 

.'Ow 0 
2 0 57E-07 
1 01 E-03 
6. 7bE-06 
6.llE-04 
6; 81E-06 

9.77E-04 
1.14E-05 

9r95E-06 
1.03E-05 
l o l l € - 0 4  
0.0 
0.0 
7.64E-05 
7.66E-06 
3. TOE-04 
6.78E-04 
1. 57E-04 
9.86E-OS 
1.18E-05 

ELECTRON 

6 40E-0 6 
4.72E-06 
7.73E-05 
2.70E-04 
1.49E-03 

.6.78E-05 
4.48E-03 
0.0 
19% 13E-03 

52E-03 
4.25E-06 r ?  5 2 6 0 6  
4.44E-06 
0.0 
0.0 
0.0 
1.' 18 E- 0 5 
0,o 
0.0. 
1.50E-03 
,o. 0 
1.19E-05 
1.13E-03 
0.0 
0.0'  
2.59E-05 
0.0 
4.39 E-03 
0.0 
0.0 
8.82E-04 
5.4OE-06 
2.2lE-03 
1.37E-05 
0.0 
3.97E-03 
1.24E-05 
8- 2 5 E-0 4 
0.0 
0.0 
0.0 
4.67E-05 
6.74E-04 
2.18E-03 
1.22E-03 
1.84E-04 
0.0 
3. L9E-06 
2.84E-03 

TOT4 L 

1 47E-05 
2.88E-04 
1 O6E-04 
1 16E-0 3 
1.74E-03 
3.39E-04 
40 84E-03 
9.97E-06 
1. 18E-03 
2.04E-03 
3 04E-04 
2.58E-04 
9.30E-04 
2.01E-05 
1 02E-05 
7.74E-06 
5.31E-04 
2.09E-10 
4.92E-05 
1- 63E-0 3 
9.66 E-05 
1 b  92E-04 
lo42E-03 
0.0 
1 44E-06 
5.52E-05 
1 78E-05 
4.47E-03 
1.28E-05 
0.0 
8.82E-04 
1. 01E-03 
2.22E-03 
6.24E-04 
6.81E-06 
3.99E-03 
9.89E-04 
8.35E-04 
1 O3E-05 
1. L1E-04 
0.0 
4.67E-05 
7.50E-04 
2.19E-03 
1.59E-03 
8.61E-04 
I 57E-04 
1 02E-04 
2.85E-03 
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OOSE-RATE CONVERSION FACTORS FOR SKIN FOp EXPOSURE 1 M ABOVE CONTAMINATE0 GROUND SURFACE 
I N  S V I Y R  PER BQ/(SQUARE CHI 

VALUES FOR 

NUCLIDE 

I N-114M 
IN-115 
IN-1 1 5 M  
1 M-116M 
IN-117 
f N-117H 
SN-113 
SN-117M 
SN-119M 
SN-L.23 
SW-125 
SN-126 
58-117 
SB-122 
56-124 
SB-125 
58-126 
SB-126M 
SB-127 
56-129 
TE-12 1 
TE-12 1M 
TE-123 

TE-125M 
TE-127 
TE-127M 
TE-129 
TE- 129M 
TE-131 
TE-13lM 
TE-132 
TE-133 
TE-133M 
TE-134 
1-1-22 
1-123 
1-124 
1-125 
1-126 
1-128 
1-129 
I - u o  
1-131 
1-132 
1-133 
1-134 
1-135 
1-136 

T E-1 23M. 

ELECTRONS CORRESPOND TO A OEPTH OF 70 MICRONS 

HALF-LIFE 

49.51 0 
4.6E15 Y 

4.36 H 
54.15 M 

43.8 M 
116.5 M 
115.1 0 
13.60 D 
293.0 0 
129.2 0 
9.64 0 

1oOE5 Y 
2.80  H 
2.70 0 

60.20 0 
2.77 Y 
12.4 0 
19.0 H 
3.85 D 
4.40 H 
16.8 0 

154 0 
1E13 Y 

58 0 

109 0 

119.7 D 

9.35 H 

69.6 H 
33.6 0 
25.0 M 

3 0  H 
78.2 H 

12.45 M 
55.4 M 
41.8 M 
3.62 M 

13.13 H 
4.18 D 

12093 0 
24.99 M 

leS7E7 Y 
12.36 H 
8.040 0 
2.30 H 
20.8 H 
52.6 M 
6.61 H 

83 s 

60.14 0 

PHOTON 

3.77E-05 
0.0 
6.3SE-OS 
8. 19E-04 
2.59E-04 
3.54E-05 
1.10E-05 
6.13E-05 
5.47E-06 
2. 38E-06 
1.06E-04 
2.38E-05 
7.17E-05 
1 65 E-04 
6. 36 E-04 
1 63E-04 
1.02E-03 
5 86E-04 
2 46 E-04 
5. 10E-04 
2.17E-04 
8.19E-05 
50666-06 
5.72E-05 
1.51 E-05 
1 82E-06 
4.83E-06 
2. 14E-05 
1 . 5 1 ~ 0 5  
1 55 E-04 
5. 13E-04 
8.95E-05 
3.29E-04 
7 96 E-04 
3.28E-04 
3. 61E-04 
6. 7lE-05 
3.77E-04 
1.80E-05 
1.74E-04 
2. 84E-05 
1.43E-05 
7.92E-04 
1 44E-04 
8.33E-04 
2 24E-04 
9.40E-04 
50236-04 
7. 91 E-04 

EL EC TRON 

0.0 
6. 01 E-06 
1 74E-05 
5. 93E-04 
2.57E-04 
1 26 E-03 
0.0 
0.0 
0.0 
1.87E-03 
2.84E-03 
0.0 
1 29E-06 
1 95E-03 
9. 75E-04 
1 78 E-05 
7.18E-04 
2.13E-03 
6 32E-04 
9.00E-04 
8.88E-06 
0.0 
0.0 
0.0 
0.0 
1 63E-04 
5.79E-06 
1. 78E-03 
7.66E-04 
2.47E-03 
1.56E-04 
0.0 
2 .86E03  
2. 42E-03 
3.27E-06 
3 40 E 0 3  
0.0 
7.35E-04 
0.0 
2.90 E-04 
2.77E-03 
0.0 
5.12E-04 
5.76E-05 
1.51E-03. 
1 2OE-03 
2 . l lE -03  
9. 84E-04 
5. 23E-03 

TOTAL 

3. 77E-05 
6 OIE-06 

1041E-03 
5. 16E-04 
1.30E-03 
1.10E-0 5 
6. 13E-05 

1088E-03 
2. 94E-03 
20 38E-0 5 
70 30E-05 
2. 12E-03 
1.61E-03 
1.80E-04 
1.74E-03 
2.72E-03 
8.78E-04 
1.41E-03 
2 0 26E-04 
8.  19E-05 
5.66E-06 
5 0 72E-0 5 
1051E-05 
1 65E-04 
1.06E-05 
1.81E-03 

8. WE-05 

5.47E-06 

7.81E-04 
2. 63E-03 
6 69E-0 4 
8. 95E-05 
3.19E-03 
3. 2lE-03 
3.31E-04 
3.76E-03 
6. 71E-05 
1.11E-03 
1 80E-05 
4. 65E-04 
2. 80E-03 
1 43E-0 5 
1 30E-0 3 
2. 01E-04 
2. 35E-04 
1.42E-03 

1 0  51E-03 
6.OZE-03 

3.05E-03 
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DOSE-RATE CONVERSIOY FACTORS FOR S K I N  FOR EXPOSURE 1 M ABOVE CONTAMINATED GROUND. SURFACE 
I N  S V / Y R  PER BQ/lSQUARE CMb 

VALUES FOR ELECTRONS CORRESPOND TO a DEPTH OF 70 MICRONS 

NUCL I D E  

XE-122 
XE-123 
XE-125 
XE-127 
X E - l 2 9 M  
X E-1 3 C M  
XE-133 
XE-133M 
XE-135 
XE-135M 
XE-137 
XE-138 
CS-126 
CS-129 
C S - 1 3 1  
CS-132 
CS-134 
C S-I 34M 
CS-135 
CS-136 
CS-137 
CS-138 
CS-139 
BA-131 
BA-133 

BA-135H 
~ ~ - 1 3 3 ~  

E A - 1 3 7 ~  
ea-1 39 
EA-140 
BA-141 
BA-142 
LA-140 
LA-141 
LA-142 
CE-139 
CE-141 
CE-143 
CE-144 
PR-142 
PR-143 
PR-144 
PR-144H 
NO-1 4 7 
NO-1 49 
PH-143 
PM-144 
PM-145 
PH-146 

HALF-LIFE 

20.1 H 
2.14 H 
16.8 H 

36.406 D 
8.89 0 

11.84 D 
5.245 0 

2.19 0 
9.11 H 

15.36 M 
3.83 M 

14.13 M 
1.64 M 

32.06 H 
9.688 0 
6.475 0 
2,062 Y 

2.90 H 
2.3E6 Y 
13.16 D 
30.17 Y 

32.2 H 
9.50 M 
11.8 0 
10.5 Y 
38.9 H 
28.7 H 

2.552 H 
83.1 M 

12.789 D 
18.27 M 
10.70 H 
40.22 H 

3.94 H 
95.4 H 

137.66 D 
32.50 0 

33.0 H 
284.3  0 
19.13 H 
13.56 0 
17.28 H 

7.2 H 
10.98 D 

1.73 H 
265 D 
363’0 

17.7 Y 
2020 D 

PWTON 

3.12E-05 
20 28E-04 
1.04E-04 
1.08E-04 
2.81 E-05 
1.llE-05 
2.15E-05 
1.93E-05 
9.36E-05 
1 62E-04 
6.78E-05 
3.74E-04 
4.19E-04 
1.14E-04 
1 34E-0 5 
2. 7lE-04 
5.75E-04 
1 26E-05 
0.0 
7.79E-04 
0.0 
1.7lE-04 
9.78E-05 
1.84E-04 
1.576-04 
2.87E-05 
2.6OE-05 
2.23E-04 
1.32E-05 
7029E-05 
3 18 E-04 
3. 20E-04 
7.67E-04 
1 37E-05 
8 64E-04 
6 45 E-0 5 
3.00E-05 
1.05E-04 
7.74E-06 
1 84E-05 
3.31F-12 
1 OTE-OS 
5.43E-06 
5.51E-05 
1.45E -04 
lo19E-04 
5.82E-04 
1.45E-05 
2. =E-04 

EL E t  TRON 

0.0 
5.63E-04 
lo57E-07 
0.0 
0.0 
0.0 
0.0 
0.0 

’ 5.60E-04 
2.7lE-04 
4.94E-03 
1 91E-03 
4.01 ‘303 

* 5.34E-08 
0.0 
1.6lE-05 
1.03E-04 
0.0 
0.0 
1.69E-05 
7.42E-05 
4.02E-03 
4.7lE-03 
4.24E-06 
0.0 
0.0 
0.0 
2 s 89EO4 
3.24E-03 
5.36E-04 
2.94E-03 
1.32E-03 
1.78603 
3.37E-03 
2.80603 
0.0 
1 23E-05 
1.17E-03 
0.0 
2.95E-03 
6.29E-04 
4.00E-03 
0.0 
2.85E04 
1.40E03 
4. 6 7 5 0 6  
2.85E-05 
0.0 
1.19E04 

TOTA L 

3.12E-05 
7.91E-04 
1.04E-04 
1008E-04 
2.81E-05 
1.11E-05 
2.lSE-05 
1 93E-0 5 
6.54E-04 
4.33E-04 
5.OLE-03 
20 29E-03 
40 42E-03 
1 14E-04 
1 e M E - 0 5  
20  87E-04 - 
6.70E-04 
1 26E-05 
0.0 
7.96E-04 
1.42E-05 
4.79E-03 
4.81E-03 
1.88E-04 
1 57E-04 
2.87E-05 
2.60E-05 
5.13E-04 
3.26E-03 
6. WE-04 
3.2bE-03 
1.64E-03 
2.55E-03 . 
3.38E-03 
30 66E-03 
6.45E-05 
4.23E-05 
1.28E-03 
7. 7+E-06 
2 97E-0 3 
6.29E-04 
4.01 E-0 3 
5.43E-06 
3.4OE-04 
1.54E-03 
1.24E-04 
6.llE-04 
1.45iE-05 
40 O1E-04 

A 
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DOSE-RATE CONVERSION FACTORS FOR S K I N  FOR EXP@SURE 1 H ABOVE CONTAMINATE0 GROUNO SURFACE 
I Y  S V I Y R  PER BQ/(SQUARE W )  

VALUES FOR ELECTRONS CORRESPOND TO A DEPTH OF 7 0  MICRONS 

NUCL 1 DE 

PM-147 
PY-148 
PM-148M 
PM-149 
PY-151 
SH-147 
SH-151 
SM-153 
EU-152 
EU-1521 
EU-154 
EU-155 
EU-156 
GO-1 52 
GO-1 53 
GO-1 59 
GO-162 
T8-151 
TB-160 
TB-162 
OY-157 
OY-165 
OY-166 
HO-166 
HO- 16 6M 
ER-169 
ER-111 
TM-170 
lw-111 
YB-169 
YB-175 
LU-177 
LU-I 77M 
HF-181 
fA-182 
W-181 
W-185 
W-187 
w-188 
RE-182 
RE-182M 
RE-183 
RE-1 84 
RE-184M 
RE-186 
RE-181 
RE-188 
OS-185 
OS-1 86 

HALF-LIFE 

( .  2.6234 Y 
5.37 0 
41.3 0 

53.08 H 
28.40 H 

1.069Ell Y 
90 Y 

46.7 H . 
13.6 Y 
9 .32  H 

8.8 Y 
4.96 Y 

15.19 0 
l o l E 1 4  Y 
241.6 0 
18.56 H 

9.7 H 
150 Y 

72.3 0 
1-76 Y 
8.06 H 

2.334 H 
81.6 H 

26.80 H 
1.2OE3 Y 

9.40 0 
7.52 H 

128.6 0 
1.92 Y 

31.91 D 
4019 0 
6.71 0 

160.10 D 
42.39 0 

114.74 0 
120.95 0 

75.1 0 
23.83 H 

69.4 0 
64.0 t i  
12.7 H 

10 D 
38.0 D 

169 0 
90.64 H 

4.7E10 Y 
16.98 H 
93.6 0 

2.OE15 Y 

P,HO T ON 

1.34E-09 
1 94 E-04 
1.0 39 E-04 
4.386-06 
1.28F-04 
0.0 
7. ??E-09 
2.75E-05 
4.06E-04 
1 16E-04 

20 54E-05 
4.52E-04 
0.0 
5. 02E-05 
10 61 E-05 
1 59E-04 

.2.42E-06 
30 85E-04 
4.05 E-04 

4 .39604 

1.31E-04 
L.01E-05 

s 1.78E-05 
1.07E-05 
5.95E-04 
1.06E-08 
1. 44E-04 
2. ME-06 
3.23 E-07 
1 30 E-04 
1. 51E-05 
1.37E-05 
3.82E-04 
2.06E-04 
4.46 E-04 
l o  &E-05 
1.02E-08 
1.80E-04 
6073E-07 
60 22E-04 
4.11E-04 
6.67E-05 
3.33E-04 
1.49E-04 
8 48 E-06 
0.0 
2.18E-05 
2.67E-04 
0.0 

EL EC lRON 

0.0 
2.43E-03 
7.63E-05 
90 17E-04 
5.13E-04 
0.0 
0.0 
1.18E-04 
1.88E-04 
1.71E-03 
3.99E04 
0.0 
1.11E-03 
0.0 
0.0 
6.23E-04 
6.71 E-04 
0.0 
2.75E-04 
1.60E-03 
0.0 
1.36E-03 
30 04E-07 
2.41E-03 
7.33E-05 
0.0 
8.97E-04 
6. 36E-04 
0 . 0 .  
0.0 
1.85E-06 
4.63E-06 
2.01 E-07 
8.08E-06 
1.11E-05 
0.0 
3.22E-07 
4.57E-04 
0.0 
0.0 
5.54E-05 
0.0 
1.43E-05 
0.0 
7.80E-04 
0.0 
2.18 E-03 
2.27E-05 
0.0 

TOT A L 

1.34E-09 
2 63E-0 3 
80 15E-04 
9.21E-04 
6.42E-04 
0.0 
? 77E-09 
2.05E-04 
5.94E-04 
1.88E-03 
80 38E-04 
2.54E-05 
1 S6E-03 
0.0 
5.02E-05 
6.39E-04 
8.  ME-04 
2 42E-06 
60 6OE-04 
20 01E-03 
1 37E-04 
1.37E-03 
1.81E-05 
2.49E-0 3 
6.69E-04 
1 O6E-08 
1.04E-03 
60 39E-04 
30 23E-01 
1.30EO4 
1 69E-0 5 
1.83E-05 
3.83E-04 
2.14E-04 
4.57E-04 
1.86E-05 
3.32E-07 
6.37E-04 
6.73E-01 
6.22E-04 
4.72E-04 
6. 6 7 6 0 5  
30 47E-04 
1 49E-04 
7. 88E-04 
0.0 
2.81E-03 
2.90E-04 
0.0 
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DOSE-RATE CONVERSION FACTORS FOR SKIN FOR EXPOSURE 1 M ABOVE CCNTAHINATED GROUND SURFACE 
I N  S V / Y R  PER BO/(SOUARE CMB 

VALUES FOR ELECTRONS CORRESPOND TO A DEPTH OF 70 MICRONS 

NUCL 1OE 

OS-19OH 
OS-191 
OS-191W 
OS-193 
1R-190 
IR-190M 
I R- 1 9 0 M  
I R-192 
I R-193M 
IR-194 
IR-194Y 
PT-191 
PT-193 
PT-193H 
PT-195H 
PT-197 
PT-197H 
AU-194 
AU-195 
AU-195M 
AU-196 
AU-198 
AU-199 
HG-197 
HG-197M 
HG-203 
TL-200 
TL-201 
TL-202 
TL-204 
TL-207 
TL-20 8 
TL-209 
TL-210 
P8-203 
PB-204H 
PB-205 
PB-209 
PB-210 
PB-211 
PB-2 12 
P8-214 
B 1-206 
81-207 
81-208 
81-210 
81-211 
81-212 
81-213 

HA& F-L I FE 

9.9 M 
15.4 D 

13.03 H 
30.0 H 

11-76 0 
1.2 H 
3.2 H 

74.02 0 
1 1 ~ 9  0 

19.15 H 
111 D 

2.71 0 
50 Y 

4.33 0 
4.02 0 
18.3 H 
94.4 W 
39.5 H 

183 0 
30.6 S 

6.183 0 
2.696 D 
3.139 D 
64.14 H 

23.8 H 
46.60 0 

26.1 H 
73.06 H 
12.23 D 
3.779 Y 

4.77 H 
3.053 H 

2.20 H 
1.30 H 

52.02 H 
66.9 M 

1.51E7 Y 
3.253 H 
22.26 Y 

36.1 M 
10.643 H 

26.8 H 
60243 O 

33.4 Y 
3.68E5 Y 

5.013 0 
2.13 H 

60.55 H 
45.65 H 

PHOTON 

5 91 E-04 
3.23E-05 
3.11 E-06 
2.65E-05 
5.27E-04 
1.86E-06 
2.23E-05 
3.08E-04 
1 ~ 9 6 E  -06 
3. 34E-05 
8.  75E-04 
1.17E-04 
1.81E-06 
6.68E-06 
3.52E-05 
l . l l E - 0 5  
3.58E-05 
3 75 E-04 
3.88E-05 
7.85E-05 
1.83E-04 
1.52E-04 
3. 53E-05 
30 21E-05 
3.98E-05 
8. 7lE-05 
4 rn 67 E-04 
4.08E-05 
1. 80E-04 
5.18E-07 
7 91 E-0 7 
1.06E-03 
7.03E-04 
9.47E-04 
1.20E-04 
7.64E-04 
2.38E-06 
0.0 
3. 71 E-06 
1.89E-05 
5.79E-05 
9.54E-05 
1 18E-03 
5 52 E - 0 4  
7. 98E-04 
0.0 
1.80E-05 
6.54E-05 
5.23E-05 

EL EC TR ON 

4.18E-05 
0.0 
0.0 
8.33E-04 
1.89E-05 
0.0 
0.0 
7.37E-05 
0.0 
2. 91 E-03 
5.77E-05 
5. 22E-06 
0.0 
0.0 
0.0 
9; 20E-05 
5.62E-06 
3. 84E-05 
0.0 
0.0 
0.0 
6. 34E-04 
1 3 1 E-07 
0.0 
0.0 
0.0 
2.81E-05 
0.0 
3. 86E-06 
3.56E-04 
1.64E-03 
1098E-03 
2.426-03 
2037E-03 
0.0 
30 66 E-04 
0.0 
8. 98E-05 
0.0 
1.44E-03 
3.25E-06 
1.89E-04 
1.37E-04 
4.34E-04 
9. 85E-06 
1. O7E-03 
9.92 E-08 
1.62E-03 
1 27E-03 

TOTAL 

6.39E-04 
3. U E - 0 5  
3. 1lE-06 
8. 59E-04 
5. 46E-04 
1 86 E-06 
2. 23E-05 
3. 82E-04 
1 96E-06 
2. 94E-03 
9. 33E-04 
1.22E-04 
1081E-06 
6. 68E-06 
3. 52E-05 
1 03E-04 
4. 1SE-05 
4. 13E-04 
3. 88E-05 
7. 85E-05 
10 83E-04 
1.86E-04 
3. 54E-05 
3. 21E-05 
30 98E-05 
8. 7lE-05 
40 95E-04 
4. 08E-05 
1. 84E-04 
3. 56E-04 
1 64E-0 3 
3 0 O4E-0 3 
3.12E-03 
30 32E-03 
1 2OE-04 
1 13E-03 
2038E-06 
8 98E-05 
3. 7 1 E 0 6  
1 46E-03 
6. 12E-OS 
2. 85E-04 
1.3lE-03 
9. 8 7 6 0 4  
8. O8E-04 
1 O7E-03 
1.81E-05 . 
1.68E-03 
1.32E-03 

A 
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DOSE-RATE CONVERSION FACTORS FOR S K I N  FOR EXPOSURE 1 H ABOVE CONTAMINATED GROUND SURFACE 
I N  SV/YR PER BQ/(SQUARE 04) , .  

VALUES FOR ELECTRONS CORRESPOND TO A DEPTH OF 70 MICRONS 

NUCL IOE 

BI-214 
PO-209 
Po-210 
PO-2 11 
PO-212 
PO-2 13 
PO-2 14 
PO-215 
PO-216. 
PO-2 18 
AT-2 1 1 
AT-2f7 
SY-2 18  
RN-2 19 
RN-220 
RN-222 
FR-221 
FR-223 
RA-222 
RA-223 
R A-2 24 
RA-225 
RA-226 
RA-228 
AC-225 
AC-227 
AC-228 
TH-226 
TH-227 
TH-228 
TH-2 29 
TH-230 
TH-23 1 
TU-2 32 
TH-233 
TH-234 
P 4-2 30 
P A-23 1 
PA-233 
PA-234 
Plr-234W 
U-230 
U-231 
U-232 
U-233 
U-23$ 
U-235 
U-236 
u-23 7 

HALF-L I FE 

19.9 M 
102 Y 

138.378 0 
0.516 S 

2.98E-7 S 
4.2E-6 S 

1.637E-4 S 
l.778E-3 S 

0.146 S 
3.05 M 

7.214 H 
0.0323 S 

0.035 S 
3.96 S 

55.61 S 
3.8235 D 

4-08 Y 
21.8 M 
38.0 S 

11.434 O 
3.62 D 
14.8 O 
1600 Y 
5.75 Y 
10.0 O 

21.773 Y 
6-13 H 
30.9 M 

18.718 O 
1.9132 Y . 
7.34E3 Y 
7.7E4 Y 
25.52 H 

1.405E10 Y 
22.3 M 

24.10 0 
17.4 D 

3.276E4 Y 
27.0 0 
6.70 H 
1.17 M 
20.8 0 
4.2 D 

72 Y 
1.592E5 Y 
2.445E5 Y 
7.038E8 Y 

2.3415E7 Y 
6.75 0 

r .  

' P k T O N  

so of€-05 
1. NE-06 

9 3. 15E-09 
2. 86E-06 
0.0 
1. l3E-08 

. 3.08E-08 
5.59E-08 

; 5.36E-09 
: 0.0 

1. 76E-05 
1 .  * 8.88E-08 

,* 2.82E-07 
. , 2.17E-05 

L. 1 95E-07 
~ l.45E-07 

. .  

' *  

I .. 

1.19E-05 
2.62E-05 
3.48E-06 
5.48E-OS 
30 82E-06 
9.25E-06 
2. ME-06 
2.17E-12 
8.19E-06 
2.33E-07 
30 35E-04 
* .OS€-06  
4.63E-05 
2. ME-06 
4.58E-05 
1.40E-06 
1. WE-05 
1.31E-06 
1 45E-05 
4.78E-06 
2. SO€-04  
1.88E-05 
8. 85E-05 
7.24E-Ol 
5 19 E-06 
2 36 E-06 
4. 37E-05 
2. WE-06 
7.05E-07 
10 72E-06 
6.14E-05 
1 62 E-06 
6. HE-05 

ELECTRON ' 

2.llE-03 
0.0 
0.0 ; 
0.0 
0.0 .: 
0.0 
0.0 * 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.54E-08 
0.0 
0.0 
0.0 
8.15E-04 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1-01E-03 
0.0 
0.0 

. 0.0 
. 0.0 

0.0 
. 0.0 
.0 .0  

, 1-l4E-03 
0.0 
6 65E-06 

, 0.0 
0.0 

I 3.60E-04 
9 2.98E-03 
. 0.0 
. 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

TOTA I. 

2. 62E-03 
1.30E-06 
3. 15E-09 
2 86E-06 
0.0 
1 s  13E-08 
3. 08E-08 
5. 59E-08 
5.36E-09 
0.0 
1.76E-05 
8.88E-08 
2 82E-0 7 
2. 17E-05 
1.9SE-07 
1.4SE-07 
1 19E-05 
8.41E-04 
3. 48E-06 
5.48E-05 
30 8 2 E 0 6  
9.25E-06 
2.64E-06 
2. 11E-12 
8.19E-06 
2.33E-07 
1.35E-03 
40 05E-06 
4. 63E-0 5 
2.16E-Ob 
4.58E-05 
1 4OE-0 6 
1 74E-05 
L.31E-06 
1.16E-03 
4. 78E-06 
2.57E-04 
1 88E-0 5 
8.85E-05 
1 08E-03 
2 99E-0 3 
2- 36E-06 
4. 37E-05 
2.00E-06 
7.05E-07 
lo72E-06 
6 14E-05 
1.62E-06 
6. 54E-05 
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. -  , .  
DOSE-RATE CONVERSION FACTORS FOR SKIN FOR EXPOSURE 1 H ABOVE CCNTAMINATED GROUND SURFACE 

IN S V I Y R  PER BQ/(SQUARE 0 4 1  

VALUES FOR ELECTRONS CORRESPOND TO A DEPTH OF 70 MICRONS 

NUCL I DE 

U-238 4.468E9 Y 1 43E-06 + 0.0 1.43E-06 

, 

HAL F L  I FE PHOTON ELECTRON TOTAL 
9 '  - 6  

lml5E-03 U-239 23-60 H 2.17E-05 ' 1 13E-03 
U-240 14.1 H 7 64 E-06 , 3. 75E-07 8. OLE-06 
Ne-235 396.1 0 6. 95E-06 0.0 6.95E-06 ' 
NP-236 lol5E6 Y 7. 23E-05 4 0.0 7. 23E-05 
NP-236M 22.5 H 2 43E-0 5 . 9. 20E-06 3. 35E-05 
N P-23 7 2014E6 Y 2. O4E-05 .- 0.0 2oO4E-05 , 

Ne-238 2.117 D 2 02 E-04 ' 5.62E-04 7. 64E-04 '. 6.8lE-06 8. 04E-05 NP-239 2.355 0 7. 36E-05 
NP-240 65 M 4. 39E-04 . 3.07E-04 7.46E-04 
NP-240H 7.4 H 1.25E-04 2.ObE-03 2. L9E-03 
PU-236 2.851 Y 2. 19E-06 0.0 2. 19E-06 

2.74E-05 
1.94E-06 a 

PU-2 37 45.3 0 ' ' ' 2.74E-05 0.0 
PU-238 87.75 Y ' 1.94E-06 0.0 
PU-239 24131 Y 7.56E-07 0.0 7. 56E-07 
PU-240 6537 Y L.85E-06 0.0 1.85E-06 
PU-241 14.4 Y *."' 0.0 0.0 0.0 
PU-242 3.758E5 Y b 1 53E-06 0.0 1 53E-06 
PU-243 4.956 H I\ 1.15E-05 2.42E-05' 3. 51E-05 
PU-244 8.26E7 Y ' 1.33E-06 0.0 1.33E-06 
PU-245 10.57 H ' *  1 58E-04 4.42E-04 5. 99E-04 
PU-246 10.85 0 * 3.94E-05 0.0 3. 94E-05 
AM-241 432.2 Y ' 2 . 1 73E-05 0.0 * 1.73E-05 
AM-242 16.02 H . 1 07E-05 6. 76E-050 7. 83E-05 

5. 34E-06 
2. 86E-05 

AM-242H 152 Y ' 5.34E-06 0.0 
4M-243 7.38E3 Y 2. 86E-05 0.0 
AM-244 10.1 H 2 3.14E-04 1.77E-04 4. 91E-04 
AM-245 122.4 M * ' I  1.36E-05 3. 80E-04' 3. 94E-04 
AM-246 25.0 H - 3.51E-04 1.27E-03 1 62 E-0 3 
CM-242 163.2 0 *' 1. 99E-06 0.0 1.99E-06 

0.0 5. 81E-05 CM-243 28.5 Y 5.8lE-05 
1.77E-06 
3.74E-05 

C M-244 18.11 Y ' 1.77E-06 0.0 
CN-245 8.5E3 Y 3. 74E-05 0.0 
CM-246 4.75E3 Y 1.58 E-06 0.0 1 58E-06 
CM-247 1.56E7 Y 1 20E-04 5.22E-08 1. 20E-04 

1.25E-06 
4. 49E-04 

CM-248 3.39E5 Y 1.25E-06 0.0 
CM-249 64.15 H 7.09F -06 4.42E-04 

0.0 
0.0 

CM-250 6.9E3 Y 0.0 0.0 * 

RK-249 320 D 0.0 0.0 
8K-250 3.222 H 3.19E-04 4.70E-04 7.89E-04 
8K-2 5 1 57.0 H 0.0 9 2 5 E- 0 4 9. 25E-04 
CF-248 333.5 0 10366-06 0.0 1 36E-06 
CF-249 350.6 Y 1.296-04 0.0 1.29E-04 
CF-250 13.08 Y 1.35E-06 0.0 1.35E-06 
CF-251 9.OE2 Y 5. 38E-05 0.0 5 0 38E-05 
CF-252 2.639 Y 1.26E-06 0.0 1 26E-06 
CF-253 17.81 D 2.31E-08 0.0 2. 31E-08 
CF-254 60.5 0 1.07E-11 0.0 lmO7E-11 
ES-253 20.467 0 8. 93E-07 0.0 8.93E-07 

' 1  
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DOSE-RATE CONVERSION FACTORS FOR S K I N  FOR EXPOSURE 1 H ABOVE CCNTAHINATED GROUND SURFACE 
I N  S V I Y R  PER 6Q/ (SQUAPE CM8 

VALUES FOR ELECTRONS CORRESPOND TO 4 DEPTH OF 70 MICRONS 

NUCL I O E  HAL F-L I F E  

E S - 2 5 4  275.7 0 
E S-254M 39.3 H 
ES-255 39.8 0 
F H - 2 5 4  3.240 H 
FY-255 20.07 H 
F Y - 2 5 6  157.6 M 

. .  . : * 

. .  
I '  

PHOTON EL EC TRON TOTAL 

1 . 8 0 E - 0 5  0.0 1 . 8 0 E - 0 5  
2. L5E-04  1 .89E-04  4 .04E-04  
9 . 7 6 E - 0 8  0.0 9 . 7 6 E - 0 8  
1 .33E-06  0.0 1.33E-06 
1 0 9 E - 0 5  0.0 1 . 0 9 E - 0 5  
0.0 0.0 0.0 

d 
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